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CERTAIN ENVIRONAL AND NUTRITIONAL FACTORS AF- 
FECTING APHANOMYCES ROOTKOT OF GARDEN PEA ‘ 

By Paul G. Smith, foriiierlj^ assistant in plant pathology and agronomy ^ and 

J. C. Walker, professor of plant pathology t Wisconsin Agricultural Experiment 

Station 

INTRODUCTION 

The Aphariomyces root rot (Aphanomyces euteiches Drechs.) has 
been an important disc^ase of pea (Pitsurn sativum L.) in the canning 
crop in Wisconsin and numerous other States for the past 20 years 
or more. Earlier studies by Jones and associates (S, 10)'^ and by 
members of the New Jersey Agricidtural Experiment Station {G; 13, 
Rpt, 62) emphasized the importance of soil moisture as well as teun- 
perature in their influence upon the development of the disease. 
More n'cently Walker and Musbach {20) found little or no infection 
in th(^ greenhouse in soil fj*om a severely diseas(‘d field when the 
moisture level was kept low while at higher moistiiri'- contiuits the 
disease was very stwere. 

Efforts to find a practicable control for this disease have been only 
partially successful. Investigators at the New Jersey Station in a 
s(ui('s of reports (6, 11, 12, IS, 14) have shown that heavy applications 
of complete fertilizers are effective in reducing the severity of infection. 
They also found that the nitrogen compounds used in the fertilizer 
mixtures W(*re muc*h more influential in reducing root rot than the 
phos])horus and potassium components. No benefit resulted when 
ili(\ fertilizer was applied after infection had taken pla(*e. Walker 
(19) in Wisconsin and (leach (3) in Australia have obtained similar 
decreased infection with the use of complete fertilizers. Walker and 
Musbach (20) showed that a])plications of fertilizer containing nitro- 
gen riMiiiced root rot damage in the field somewhat more than corre- 
sponding applii^ations without nitrogen. They also found that 
greater protection was effected when the fertilizer was applied in the 
drill at the time of planting than when it was applied in a furrow at 
one side of but removed a slight distance from the seed. 

The purpose of the present investigation was to examine more 
closidy the relation of certain environmental factors to the develop- 
ment of the disease., and to study the effect of mineral nutrition on 
its incidence and severity. 

MATP]RIALS AND METHODS 

In the study of the effect of nutrition on the disease a constant-flow 
sand-culture method was used. The nutrient solutions were allowed 
to drip at the rate of 000 to 800 cc. per day into 8-inch flowerpots filleil 

I Uecjei ved for publication January 20, 1941. This investigation is part of a broader project on the Nature 
of Disease Resistance in Plants, supported jointly by the Wisconsin Agricultural Experiment Station and 
the Wisconsin Alumni Research Foundation. The writers are indebted to Prof B. M. Duggar for con- 
tinued interest and advice. Routine assistance was provided for some asiiects of the work by the personnel 
of the Works Progress Administration, project No. 61^1-63-2349. 

* Italic numbers In parentheses refer to Literature Cited, p, 19. 
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with washed, sterilized silica sand. The inside surface of the pot was 
varnished to prevent diffusion of salts. Each pot was equipped with 
an intermittent siphon which allowed the nutrient solution to rise 
within 2 inches of the surface before draining. The time required 
for each pot to fill and drain varied from 24 to 36 hours. 

The nutrient solution used throughout was a modification of that 
described by lloagland and Snyder (7). In addition to tho “ normal” 
solution, solutions containing extra quantities of one of the elements 
N, P, and K and solutions lacking one of these elements were used. 
The ratio of each element in tho “excess” solutions to that in the 
normal solution was approximately: N, 1.15 to 1; P, 2.0 to 1; and K, 
1.28 to 1. A trace of each of the essential minor elements was added 
to all solutions. The reaction of all solutions was maintained between 
pH 5.5 and 6.2. The composition of the various nutrient solutions 
used is given in table 1. In the experiments involving higher con- 
centrations of the nutrients, NaCl W'as added so that the proportions 
of the major elements could be varied without changing the total 
salt concentration. 

Table 1. — Chemical composition of the nvtrient solutions at the basic concentration 
used in the sand-culture experiments 


KNOs . 
KCl . 
NaNOa 
NaOia .. 
MgS04 , - 
KHfPOt 
NafijPOi 


Cubic centimeters of molar solutions used to make up 10 liters of nutrient 


v.-neraicai 

Normal 

4-K 

-K 

+P 


-fN 

-N 


‘ 50 0 

50 0 

50 0 

60.0 

50 0 

.50 0 





. . 




50 0 


50.0 

m 0 

16.7 ! 

- - " 

60 0 

60 0 
10 0 

50 0 i 

" 50.0 






22 2 


" 22.2 

5. 5 

22 2 

* ’ i 2.’2 

22.2 


22 2 


20. 0 

20.0 

20 0 

20.0 

20 0 

' 20.0 

20 0 


10 0 

10.0 


10 0 I 


10 0 

to 0 


, 

■ 

10 0 

10 0 



- -- 



I 50 cc. of a M/1 salt solution in 10 liters equals 0.005 M concentration, 
s Not used in the dilute nutrient-solution experiments. 


Inoculum was obtained by growing the organism in pea decoction in 
250 cc. Erlenmeyer flasks. About 25 wrinkled-type pea seeds were 
placed in each flask, 100 cc. of watfla* was added, and the flasks were 
plugged and autoclaved for 2 hours. Each flask was inoculated with 
a fragment of an agar culture of the fungus, and the organism was 
allowed to grow for 10 to 12 days. The zoospore suspension was 
obtained by removing the mjj^celial mats, washing them first in ruiming 
tap water for 2 hours, and rinsing them in distilled water. They were 
then placed in shallow pans wiui just enough water to cover" them. 
Abundant zoospore formation followed witliin 6 to 8 hours. 

Inoculation was made by adding 100 cc. of the zoospore suspension 
to each pot. In the firat experiments the siphon drains were plugged 
at the time of inoculation and the sand was flooded with the nutrient 
solution. After 24 hours the plugs were removed and the nutrient 
was allowed to flow through in trie normal manner. In the experiments 
in which the higher salt concentrations were included, small 1 mm. 
bore siphons were placed over the edges of the pots after the sand was 
saturated and the nutrient was allowed to continue dripping into the 
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pots. With the ends of tlie small siphons placed under the sand, the 
siphon column was not broken and the nutrient solution continued 
to flow into the pots without causing them to flood. The pots were 
drained after 24 liours. 

The Wisconsin Perfection variety of pea was used throughout all 
experiments, except where indicia ted. Eighteen seeds were planted iu 
each pot. 

DISEASE SYMPTOMS AND METHOD OF DISEASE RATING 

In sand cultures the first symptoms of the disease appear on the 
roots within 4 or 5 days after inoculation. Water soaking spreads 
above and below the initial infection zone without appreciable dis- 
coloration in the area of infection. The water-soaked tissue is firm at 
first, but it gradually becomes yellowish and soft, darkening with age 
and eventually collapsing and disintegrating. About 4 days after the 
underground symptoms may be found, water soaking appears in the 
stem above the sand level and progresses an inch or more up the 
aerial portion of the stem. 

The extent of disease development was recorded when all or nearly 
all plants in the dilutest solution in the respective series showed 
severe above-ground symptoms. Plants were removed from the sand 
and divided into five arbitraiy classes based on the severity of disease 
and designated as follows: 0, No disease; 1, slight water soaking on 
epicotyl or on primaiy oi* secondary roots; 2, moderate water soaking 
of primary root or epicotyl, with or without slight darkening of the 
infected tissue, which remains firm; 3, infected areas extensive, 
darkened, and becoming soft, but without collapse of tissue; 4, exten- 
sive water soaking and discoloration with collapse and disintegration 
of part or all of the infected tissue; plants dying previous to inspection 
were rated in this class. 

A disease index calculated on the basis of the above classes appcnired 
to be a more accuratt^ indication of the extent of infection than the 
percentage of infected plants, since it afforded a means of indicating 
the relative severity in combination with the percentage of plants 
affected. The index was calculated by using the class figures as 
weighted values. To obtain the index the number of individuals 
in each (lass was multiplied by the class number, the sum of the 
products of each class multiplied by 100, and this figure dividcul by 
4 times the total number of plants. Thus, when all the plants wore 
healthy, the rating was 0, and when all plants showed severe infection, 
the rating was 100, while intermediate grades were represented by 
intermediate index figures. 

ENVIRONMENTAL STUDIES 

TEMPERATURE IN RELATION TO GROWTH OF THE FUNGUS 

Plates of potato-dextrose agar adjusted to a neutral reaction were 
inoculated in the center with 5-mm. disks from the periphery of an 
actively growing 4-day-old Pe tri-dish culture of Aphanomyces eutei- 
ches. Four replicates were placed at each of eight temperatures 
ranging in 4° intervals from 8® to 36® C., inclusive. Increments of 
radial growth were measured daily. 
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The results are shown graphically in figure 1. The greatest daily 
increase and total colony growth occurred at 28°. No growth oc- 
curred at either extreme temperature. From the minimum to the 
optimum there was a steady increase in rate of growth with increase 
in temperature. Above 28° the growth rate dropped rapidly. The 
straight-line trends in the graph indicate that growth was notretarded 
by the accumulation of staling or other metabolic products of the 
fungus. 

REACTION OF MEDIUM IN RELATION TO GROWTH OF THE FUNGUS 

The reaction series was set up by using various quantities of H3PO4, 
and of mono-, di-, and tri-sodium phosphate solutions, each with 0.1 



FiauRE 1. — The effect of temperature on growth of Aphavomyces evteiches on 

potato-dextrose agar. 


cc. of concentrated H2SO4 added, according to the method described 
by Tilford (16). The quantity of phosphates for each pH level was 
20 cc.; the amount of each fraction was varied to produce the desired 
pH level. Each 20-cc. phosphate mixture and a 200-cc. quantity of 
potato-dextrose agar (1.7 percent agar) was sterilized separately 
and thoroughly mixed just before pouring the plates. One plate of 
each pH level was melted, diluted with tm-ee parts of distilled water, 
and the pH determined with a glass electrode. The plates were 
inoculated in the same manner as in the temperature series. Incre- 
ments of gi'owth were measured daily and the curve of growth plotted 
after 4 days. 

The results are shown graphically in figure 2. The fungus exliibited 
a tolerance to a wide range of acidity, with the limits at about pH 3.4 
and slightly above pH 8.0. A broad optimum range from about pH 
4.5 to 6.5 occurred, with an apparent isoelectric point at pH 5.9. 
The daily increment of growth at each pH value remained quite con- 
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stant, indicating no apparent drift in the reaction of the medium or 
any interftwnce of staling or other metabolic products of the fungus. 

EFFECT OF SOIL TEMPERATURE ON INFECTION 

The soil-temperature range at which root rot infection can occur 
has been found by Jones and Drechslcr (9) to lie between 10° and 30° 
C., with an optimum som(*where between 1 5° and 30°. Further study 
of this important environmental factor was undertaken to determine 
more exactly the rate of disease development at different soil tem- 
peratures. Twenty-four soil-temperature cans were filled to within 
IK inches of th(^ top with clean, sterile silica sand, and each can was 
equipped with a siphon for drainage purposes. Fifteen s(‘eds were 



Fuiuhk 2. The elTect of initial pH of potato-dextrose agar on growth of 
A phnjiomyces euteiches. 


planted in each can and watered with a balaiuied nutrient solution of 
on(*-tenth th(* salt concentration described in table 1. All cans were 
placed at a temperature of approximately 24° in order to secure 
uniform plant growth. Every 3 days these were drained and fj‘esh 
nutrient was added. Two days before inoculation four cans wer(‘. 
placed in each of six soil-temperature tanks in which tlu' tc^rnpera- 
tures were maintained at approximately 12°, 16°, 20°, 24°, 28° and 
32°, so that the sand in each case did not vary more than 1°. The 
air temperature varied between 20° to 24°. 

Fourteen days after planting, each can was saturated with nutrient 
and 100 cc. of a zoospore suspension were added. The cans were 
then partially drained in order to draw the inoculum around the roots, 
but sufficient moisture was left at the surface for infection to take 
place. Notes were taken in the manner described for the nutrient 
studies. 
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In the 24° and 28° tanks infection was visible 4 days after inocu- 
lation. The experiment was terminated 11 days after inoculation 
when nearly all plants at these two temperatures were infected. The 
results (table 2) show a definite optimum for disease development 
at 24° and 28°. No infection was found on plants at 12°, while at 
16° some infection did occur. The rate of disease development at 
the various sand temperatures appeared to parallel quite closely the 
rate of growth of the organism on agar. 

Table 2. — The effect of sand temperature on Aphanomyces root rot development as 
shown hy the extent of disease development 11 days after inoculation 


liiscftse index at the teinT)erature (“C.) indicated 


12® 

10® 

20® 

24° 

28° 


0 

12. 6 

51 0 

00.4 

80 4 



EFFECT OF SOIL MOISTURE ON INFECTION 

Others (5, 9j 10, 20) have noted that root rot infection is most severe 
when the soil moisture is high. Observations in Wisconsin during the 
past three years (1938, 1939, 1940) have indicated that the disease 
has been more severe in the seasons of abundant rainfall. 

For the purpose of obtaining more information on the effect of soil 
moisture on root rot, an experiment employing two moisture levels 
was made. The soil was taken from a naturally infected field near 
Clyman, Wis. It was mixed thoroughly and two portions were ad- 
justed to 45 and 75 percent of the water-holding capacity, respectively. 
The saturation point of the soil was reached when the moisture content 
was 43 percent of its dry weight. To maintain a fairly constant mois- 
ture content, Wisconsin soil-temperature cans watered every third day 
were used. A 2-inch layer (rf ground cork was placed above the soil 
to reduce evaporation from the surface. Six replicates were included 
at each moisture level and the arrangement of the cans was random- 
ized. The cans were kept at 20° to 25° C. after 15 seeds had been 
planted in each. The plants were dug for inspection 30 days later. 

Table 3. — The effect of high and low soil moishtre on Aphanomyces root rot tnfectwv 
as shown by the exteM of disease development SO days after planting 

[Cans kept at 20® to 26° C. after 16 seeds had been planted in each] 


Soil moisture 
m percentage 
of water-hold* 
lug (opacity 

Percentage 
of plants 
infected 

Di8ea.se 

index 

45 

1 1 4 

0 7 

76 

2 72.0 

52.7 


’ 70 plants In 6 replicates, 
a 82 plants in 6 replicates. 


The results are shown in table 3. A statistical analysis of the results 
was not made because of the extreme difference in the amount of infec- 
tion hptween the two series. It is evident from both the disease index 
and ,the percentage of infected plants that the higher moisture marked- 
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ly favored disease development. At 45-percent water-holding capac- 
ity, there was a very small amount of infection, indicating that this 
moisture content of the soil is approximately the minimum at which 
infection can take place in this soil. This is somewhat higher than 
the results of Haenseler (5), who found that the minimum for infection 
occurred at about 30 percent of the water-holding capacity of the soil 
he lised, when inoculated by means of a zoospore suspension. Although 
not determined experimentally, a somewhat liigher moisture level than 
45 percent of the water-holding capacity could undoubtedly have been 
maintained in soil used in the present investigation without severe 
infection. 

NUTRITIONAL STUDIES 

Although the beneficial action of fertilizers in reducing root rot has 
been demonstrated in infected soil, the nature of this action has not 
been explained. Carpenter {2) and LeBeaii {8) showed that high 
nitrogen increased the root rot of sugarcane caused by Pythium spp., 
and that adequate phosphorus decreased it. Vanterpool (17, 18) 
demonstrated that the browning root rot of wheat occurred in phos- 
l)horus-deficient soil and that applications of phosphorus reduced its 
severity. Broadfoot and Tyner (/), studying the Helminthosporiurn 
root rot of wheat under controlled conditions, observed that any treat- 
ment wliich resulted in the production of undernourished plants 
favored disease development. The work of these investigators indi- 
cates that unbalanced nutrition predisposes sugarcane and wheat to 
the causal organisms concerned. Workers at the New fJersey Experi- 
ment Station (11, Rpt, 57) in field studies over a period of several 
years foimd that increase in yield of peas on root-rqt-infestod soil was 
almost directly proportionarto the amount of fertilizer applied even 
when the rate was as high as 2,400 pounds per acre. This was inter- 
preted as indicating that the control of root rot was a contributing 
factor to higher 3 deld in addition to the direct effect of nutrients on 
plant growth, especially at the high fertilizer levels. Because a more 
adequate explanation of the relation of host nutrition to root rot 
development in peas was desirable, further investigation of tliis 
question was undertaken, 

REJ.ATION OF SOIL FEKTILITY TO DISEASE DEVELOPMENT 

In order to obtain a further check on the effect of nitrogenous ferti- 
lizers, a field test was made in 1940. A 1-acre area was chosen in the 
field just mentioned in which root rot had caused a complete crop 
failure the previous year. Each plot was 24 by 100 feet in dimension; 
each treatment was made on three replicates arranged in randomized 
order. The treatments consisted of an unfertilized check, 2-12-6 
fertihzer at the rates of 333, 534, 760, and 1,108 pounds per acre, 
respectively, and 0-12-6 at the rate of 1,094 pounds per acre. The 
2-12-6 fertilizer was a commercial preparation, and the 0-12-6 mix- 
ture was compounded from Tennessee Valley Authority superphos- 
phate and commercial 50-percent K 2 O. The fertilizers were applied 
broadcast on recently prepared soil and harrowed in promptlv about 
2 weeks before planting. Profusion variety was planted on May 8 by 
means of a seed drill. Throughout the season rains were frequent 
and the soil was thus kept at a high moisture content, a condition 
which favored root rot development. 
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On June 12 random samples, each containing from 40 to 50 plants, 
were dug from each plot and rated on the same scale as was used in 
the sand-nutrient series. Twelve days later, on Jime 24, a second 
sample, and on July 9 a third sample of plants was dug a,nd rated. 
The results of the first two inspections were analyzed statistically and 
are given in table 4. 

Table 4. — Effeci of fertilizer treatments on naturally infested soil in the field on the 
development of Aphanomyces root rot on Profusion peas sown on May S 


Fertilizer treatment 


Kate of 
application 
in pounds 


|)er acre 


None _ . - 

2 - 12-6 

2 - 12-6 . 

2-12-4L.... . 

2 - 12-6 - 

0 - 12-6 . 

Minimum significant difTerenco (6-percent point) 


333 
6;i4 
760 
1, 108 
1,094 


Mean disease index— - 


35 days after 

47 days after 

planting 

planting 

63. 70 

97. 50 

43 m 

97. 60 

46. 53 

94 53 

28 50 

89 93 

21.20 

81.30 

46 57 

92,80 

20 77 

5, 82 


The results at 35 days show clearly that disease development in 
the unfertilized ch(‘ck was significantly greaU'r than that which 
occurred when 2-12“6 fertilizer was applieil at the rates of 760 and 
1,108 pounds per acre. At the lower rates of 2~-V2-^ and at- the 1,094- 
pound application of 0-12 -0 there was a little loss disease than in 
the unfertilized plots, but the difference was not significant. A com- 
parison of the (h‘12“6 fertilizer application with the corresponding 
2-'12'-6 treatment shows a significant differeiice in favor of the nitrogiai- 
bearing fertilizer. At 47 days the root rot had incre*ased markedly 
and the decrease in disease at the) 760- and 1,108-pound t refitments 
with 2-12-6 was bare'ly perceptible. At. the time of the* third fie*lel 
inspection all plots were completely and severe^ly infect(*d, although 
even at that time the plants in the plots receiving 1,108 pounds of 
2-12-6 fertilizer were visibly taller and gree*ne*r than thost> in the other 
plots. The crop was so poor in all plots, however, that yiedds were* 
not taken. Although from the standpoint of comme*rcial control the* 
re^sults were disappointing, the trend was nevertheless in general agree*- 
ment with those previously observed (S, 5, It, 12, 13, 14, 13, 20). 

dilute nutrient-solution experiments 

In tlie first series of sand-culture experiments the previously de- 
scribed solutions were applied at one-tenth the basic concentration. 
In addition to the solutions lacking N, P, and K, a solution lacking S 
was also employed. Although the nutrient solutions used were quite 
dilute, it was hoped that the degree of variation in the balance be- 
tween the major elements would show whether the incidence of root 
rot was influenced by the nutrition of the host plant. 

Four pots were used for each nutrient. Two weeks after planting 
all were inoculated with a zoospore suspension of Aphanomyces eu- 
teiches of an luidetermined spore concentration. At the end of the 
first experiment the series was repeated. Inoculation this time was 
made 3 weeks after planting. In both experiments, above-ground 
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symptoms appeared witliin 7 days and all plants were dc^ad within 
14 days after inoculation. Regardless of the nutrient employed, 
infection was equally rapid and severe. 

Peas were again planted in tlu^ pots used in the second experiment 
without sterilizing and washing the satui In this case the inoculum 
was largely in the form of oospores in the numerous fine roots left in 
the sand when the previous crop of infectc^d peas was removed, rather 
than th(' introdiKunl zoospores which brought about tlu^ initial in- 
fection. The seedlhigs (‘merged normally, but infectmn was visible 
f) days after emerg(uice. All plants were dead within 12 days. Again 
no effect of nutrient variation was discernible. 

On the assumption that th<‘ form of nitrogc^n might have an influence 
on the disease, one (‘xperiment was set up to determine the effect of 
NH4 ions as eomparc'd with NO3 ions. The NO3 solutions was the 
same as the normal solution used in the experiments d(‘scrib(Hl 
above. In the NH4 solution the Ca(N03)2 and KNO3 W(‘n‘ replaced 
by C^aC'^b and KCl, respectively, and an equal number of nitrog(‘n 
atoms was add(‘d in the form of NH4CI. The ])ots W(‘r(‘ inoculat(‘d 2 
w(‘eks after planting. Disease d(‘V(‘loprn('nt and s(‘V(‘rity were equal in 
both nitrate and animoniurn solutions, indicating that at. the nutrient 
concern tint ions used, neither form of nitrogen had any eff(‘ct on 
disease d(‘V(‘lopm(^nt. 

From the for(‘going expf'rinuuits, it was (‘vident that with the nutri- 
ent (‘.oncent ration employ (‘<1, the dewc'loiinumt and sev(‘rily of tin*. 
dis(‘ase were in(l(‘p(nid(‘nt of tlu' nutri('nt-ioii balance, or of th(‘ two 
lyjx's of nitrog(‘n ions. 

RELATION OF INCREASED NUTRIENT (’ONCENTRATION AND ION BALANCE TO ROOT 

HOT INFECTION 

With the failur(‘ of the* low -concentration (‘xperime'nts to show any 
influence* on loot rot, it be‘came obvious that the fertilizer action was 
ele‘])end(‘nt upon factors other than nutrient-ion lialance alone. Since 
the ])revious ex])e‘rim(‘nts had be*(‘n made at a very low concentration 
of nutri(‘nts, it S(‘(‘m(‘d advisable to de‘terinine wh(‘ther dift’(‘re‘nces le*- 
sultbig from varienl nutrie*nl-iem balance might not occur at highe‘r 
conceuit rations. In oi'der first to observer the effect of increas(‘d nutri- 
(‘Tit concentrations, only tJie complete nutrient solution was used. 

In the previous (‘xpi’rinu'nts the basic solutions (table* 1 ) were dilute*d 
to one.-t.(*nth conceuitration. The concentrations he*reafter are refe*rre'd 
to as multiples of the basic solution. Thus, the dilute solution me*n- 
tioned above is designated as 0.1 H, the basic as 111, double concentra- 
tion as 2H, etc. The arrangeunent. of the* sand cultures was the same 
as in the' iire'vious ('xperirnents. The inoculation technieiue used has 
already been dese^ribed, and in the following experiments the* concen- 
tration of the inoculum was standardize'xl at 7,500 to 8,000 zoospores 
pe'r (‘cntimeter of inoculum. One pot in each group of four was l(>ft 
iminoculated. 

In the first experiment normal nutrieuit solution at concentrations 
of O.lH, IH, 2H, and 3H were used. Thus, the highest concentration 
was 30 times as strong as the nutrient usenl in the jirevious sand-cujture 
experiments. As soon as infe'ction appeared it became evident that 
at the highest nutrient concentration there was a distinct de^crease in 
amount of disease as compared with that in the O.lH nutrient con- 
centration (fig. 3). The plants were dug for inspection when all the 
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FiatTKE 3. — Pea plants 18 days after inoculation with AphanomyceH euteicficsi: 
At Plants grown in a liigh concentration of nutrient solution (3H); plants 
grown in a low concentration of nutrient solution (0.1 H). The plants in B 
are all severely diseased and most have already died; of those in A only one 
showed any above-ground signs of disease at the time of the photograph. 
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plants in the 0.1 H nutrient showed above-ground disease symptoms. 
The results (fig. 4, experiment 1) show a striking dc^crease in the 
amount and severity of root rot infection at th(^ higher nutrient 
concentrations. The decrease in the severity appeared in direct 
proportion to the concentration of the nutrient. 

In order to verify the findings in the above experiment, another 
series was run. Again the same relation betw(‘en tln^. seviTity of 
disease and th(» concentration of nutrients rcsulttnl (fig. 4, experiment 
2). Since tin' 311 solution did not completely control tlui disease, 
howev('r, still another experiment was made in which the concen- 
trations O.lH, IH, 2H, 311, 4H, and 5II were us(*d. The same 



Figure 4. — The relation of salt concentration to osmotic pressure of the nutrient 
and to the development of Aphavomyces root rot of pea. Representative 
plants from experiment 3 are shown in figure 5. Kxjilanation of nutrient- 
solution concentration symbols will be found in the text. 

relative decrease in disease with increased concentration occurred. 
At the two higher concentrations, 4H and 5II, no infection whatsoever 
could be found (fig. 4, experiment 3; fig. 5). In this experiment the 
infection was not so severe in any of the nutrients, although the 
experiment was allowed to run about 10 days longer than the first 
two. For this reason the possibility remains that, a small amount of 
infection might take place at tlic 4H and 5H concentrations. How- 
ever, from the results of this experiment and the general relation found 
between concentration and infection in all three experiments, it is 
highly probable that the zero point for infection, under the conditions 
of these experiments, would be found at a concentration between 3H 
and 5H. 
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The marked reduction in the amount and severity of root roi 
with increase in concentration of the solution again raised the question 
of the relation of the nutrient elements to the disease. Although the 
relative proportions of all elements in the normal solution were the 



I^IGXJRIQ 5.- -The relation of salt concentration of the nutrient solution the 
development of Aphanomyces root rot of peas grown in silica-sand culture 
bee experiment 3 in figure 4. Photographed 27 days after inoculation. 
The concentrations used were as follows: A, O.lH; B, IH; C, 2H; 3H- 

4H - 5H (see further explanation in the text). Plants in A are severely 
diseased; many fibrous roots have been killed and cortical decay of the upper 
taproot and the lower stern is evident. In B root decay is moderate and there 
18 considerable cortical decay in the stems. In C decay in the root and stem 
IS slight. In D there is very slight root and stem discoloration. In E and F 
no signs of disease were found. 
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same, the possibility that one of the major elements was the effective 
agent still existed. In order to determine whether this was the case, 
('aeh of the three elements N, P, and K was varied in the same pro- 
portions as in the experimcuits in which the low concentration was used. 
This was done at each of the tlire(‘. concentration levels IH, 2II, and 
3H. With this range any effect of a single element should be detected 
readily. With the exc<»ption of the experiment with varying nitrogen 
at the IH level, a 0.1 II check was run with each experiment for 
purposes of comparison. The results are shown in table 5. 


Table 5. — Thr effect of vanaJ proporiiona of mftogen, poiaasinmt and phosphorus 
at different nutrient concentration levels on the development of Aphanomyces root 
rot of peOy as indicated by the disease index 



1 Spc text fur explanal ion of ayinbolb indicating nutrient -solution coneonlral ion. 


On the basis of the previously discussed field expeiiments made by 
other investigators, and the one made by the authors, it was expe(*ted 
that the quantity of nitrogen in the nutrient would have considerable 
influence on the severity of the root rot. The results of these experi- 
ments indicate clearly that- the variations in the amount of nitrogen 
used, from none to 15 porcont more than in the normal solution, had 
little or no efl’ect on the degree of infection at any of the three nutrient 
concentrations. At each concentration level, nitrogen-deficiency 
symptoms were clearly visible in the series lacking nitrogen before the 
experiments were terminated, eliminating the possible iiiflueiK'e ol 
nitrogen carried in the seed. Since the disease development was so 
rapid in the lower nutrient levels, there seems to be no reason to believe 
that the food stored in the seed hud any effect on the results of any 
experiment. 

Although the field experiments have shown veiy little reduction in 
root-rot damage by the potassium and pbospliorus portions of the 
fertilizers, these two elements were tested in sand culture at the stmie 
nutrient c.onc,entrations as the nitrogen portion. The results failed 
to show any influence of high or low amounts of eitlier element as 
compared with tlie normal solution on the amount of disease at any 
of the throe nutrient- concentrations (table 5). 

At the three nutrient levels used in the experinients on elements in 
varied proportions the same general decrease in disease occurred with 
increased concentrations, as shown in the experiments involving 
increased concentrations of the normal nutrient solution. However, 
it must be kept in mind that at any given nutrient concentration, the 
total salt concentration of the nutrient solutions remained evsseniially 
constant, regardless of the lack or excess of any one element. It is 
evident, from tlie results of this set of experiments, that development 
of the disease is not dependent upon an adequate nutrient balance, 



14 


Journal o f Agricultural Research 


Vol. 63, No. 1 


but that the reduction in disease is directly correlated with the 
increased concentration of the nutrient salts in the root zone of the 
host plants. 

White and Ross {21) in a study of the effect of fertilizer salts have 
found the nitrogen components of present-day fertilizers to be much 
more active in raising the salt concentration of the soil solution than 
equivalent amounts of salts of potassium and phosphorus. It seems 
probable, then, that the favorable action of the nitrogen-bearing 
fertilizers in reducing root rot in the field is due to the greater activity 
of the nitrogen fractions of the fertilizer in increasing the salt concen- 
tration of the soil solution. 

In order to determine the osmotic pressure of the various nutrient 
concentrations used, the freezing point depression method was em- 
ployed. A Drucker-Burian micro thermometer was used, and with 
the equation 12. 06 A —0.021 A“, the osmotic pressure, P, in atmos- 

pheres was calculated.'^ The values obtained are shown in figure 4. 
It is possible that these values could be used as a guide in soil experi- 
ments designed to determine the fertilizer requirements for field control 
of root rot. 

The results of the above experiments substantiate the suggestion 
made by workers at the New Jersey Agricultural Experiment Station 
{11, Rpt 59) that the increased fertilizer concentration of the soil was 
responsible for reduced disease when fertilizers were applied. The 
observations made by Walker and Musbach {20) that less root rot 
developed when a complete fertilizer was placed with the seed than 
when it was placed away from the seed at the time of planting would 
seem to be explained by the fact that a greater fertilizer concentration 
is present at the zone of major root development when the fertilizer 
is placed with the seed. 

EFFECT OF INCREASED NUTRIENT CONCENTRATION AFTER INOCULATION 

The investigators at the New Jersey Station {IS, Rpt. 55; 11, 
Rpts. 56, 57, 59; 14 , Rpt. 58) have found that fertilizers must be 
applied before infection has occurred in order to be effective in reducing 
root rot damage. An experiment was carried out to determine the 
effect on incidence of root rot of increasing the salt concentration 
from a low to a high level at definite intervals of time after inoculation. 
The purpose was to find the length of time over which infection takes 
place under ideal conditions in the sand culture, and to observe whether 
the increased concentration of nutrients would decrease disease 
development after infection had taken place. Eight rows of four pots 
each were started with a normal solution at the O.lH concentration 
and one row at the 3H concentration. Two weeks after planting, 
three pots in each row were inoculated while the fourth was left 
iminoculated. One row of the O.lH concentration and the one at 
the 3H concentration were continued throughout the experiment. 
Plants in a second row of O.lH concentration were removed periodi- 
cally to determine progress of the disease. Of the other six rows, the 
first was changed to 3H 1 day after inoculation, the second after 
2 days, etc. y^en the 3H solution was applied, all pots in the row 
were flushed with this solution in order to bring the concentration of 

3 This equation is from Gortner U, ®p. Sl7-S$e): A'-0.0125A' U, when A' is the difference In ® c‘ 
between the freezing point of the solution and that of pure water, ^ile U represents the difference in ® (? 
between the freezing point and the point of undercooling at which crystallization occurs. 



July 1 , 1941 Factors Affecting Aphanomyces Boot Rot of (Harden Pea 1 5 

the nutrient in the pots to the high level immediately. The results 
are shown graphically in figui-e 6. 

Daily inspection of the roots of plants in the O.lH solution dis- 
closed no visible signs of infection until 4 days after inoculation. 
However, delay of the rise in nutrient concentration for 2 days after 
inoculation resulted in a marked increase in infection, while delay 
untU the fourth day resulted in little reduction in disease. Thus the 
shift in concentration of nutrient to a level that would otherwise 
prevent severe disease development was of no avail if made after 
infection had occurred. Tin* results of this experiment are in agree- 
ment with the field observations at the New Jersey Station, in which 



pared with those started at 0.1 H and shifted to 3II at various intervids after 
inoculation. Note the steady increase in tlie disease index as the interval 
between the inoculation and the shift to the high-concentration nutrient was 
increased. 

the beneficial effects of fertilizer did not prevail if the fertilizer was 
applied after infection had taken place (IS, Rpt. 55). 

EFFECT OF NUTRIENT CONCENTRATION ON (JROWTH OF THE FUNGUS 

The direct inhibiting effect of high salt concentrations of the nutri- 
ent solution on the growth of the organism would seem to be a possible 
explanation for decreased severity of the root rot disease. In order to 
determine the effect of the nutrient concentration on the growth of 
the fimgus, agar plates of the normal solutions at the O.lH, IH, 2H, 
3H, 4H, and 5H levels were poured and inoculated with the fungus. 
The agar was prepared by making up the nutrient at double strength 
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and combining with an equal volume of 4 percent agar. The ingredi- 
ents were sterilized separately and mixed just prior to the pouring of 
plates. At the higher concentrations 3 to 4 drops of M/1 NaOH per 
200 cc. of agar solution were added when necessary to bring the re- 
action to pH 6.0 or 6.2. The separate sterilization of agar and nutri- 
ent solutions was found necessary when previous attempts to sterilize 
them after mixing had resulted in a strongly acid reaction in the more 
concentrated nutrients. 

The plates were inoculated in the center by 2-mm. disks of agar 
taken from the peripheiy of a vigon)usly growing 4-day-old culture of 
Aphanomyces evteiches. Six plates were used at each nutrient con- 
centration. Daily measurements of radial growth were made. 
Because of the absence of all organic and other nutrient materials, 
except for that occurring in the agar, growth was slow and sparse. 
Nevertheless, growth did occur at the higher nutrient concentrations 
at approximately the same rate as in the lower, except at the 5H level 
at which sightly reduced growth w'as observed. From these results 
it is apparent that the growth of the oiganism is not inhibited at the 
nutrient concentrations at which no infection occurred in the sand 
cultures. 

Geach (3) made a brief study of the growth of Aphanomyces euteiches 
in cultures containing various nitrogen compounds. He foimd 
growth of the organism to be retarded on pea-decoction agar contain- 
mg any one of the following compounds: 0.5 percent urea, 1.1 percent 
NH4NO3, and 1.4 percent NaNOs. On Shear’s corn-meal agar con- 
taining 2.8 percent NaNOs no gi’owth occurred. The apparent con- 
tradiction between these results and those of the authors is readily 
explained when the total salt concentrations of the sand-evdture 
nutrient solutions and the agar cultures employed by Geach are 
noted. The osmotic values for the different concentrations of nutriciut 
solutions arc shown in figure 4. The calculated osmotic values for the 
1 .4 percent NaNO, in tile pea-decoction agar used by Geach is approxi- 
mately 6.8 atmospheres. This is roughly twice the osmotic, value of 
the 5H solution employed in the sand-culture studies, and far in excess 
of that at which disease control was obtained. Evidently the salt 
concentration of the 2.8 percent NaNOj was sufficiently high to pre- 
vent growth of the organism. From tJhe previously discussed nutrient 
studies, it has been shown that the presence or absence of nitrogen 
has no effect on the severity of root rot. Thus the inhibitory action 
of nitrogen in some form, as implied by the work of Geach, cannot be 
considered as the true cause for the control of pea root rot. 

DISCUSSION 

The Aphanomyces root rot of pea is a widespread and often destruc- 
tive disease of this crop. Up to the present time, the environmental 
relations and disease control studies have been confined, for the most 
part, to field observations and experiments. Disease development 
is favored by high soil moisture, and occurs within a temperature range 
of about 10° to 30° C. Studies on the control of this disease, made 
largely by Haenseler at the New Jersey Agricultural Experiment 
Station and confirmed by other investigators, have shown that 
applications of complete fertilizers to infested soil tend to reduce 
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root rot. It has been suggested that the nitrogen fraction in the ferti- 
lizer is the most important one in the reduction of disease. 

The root rot organism in potato-dextrose-agar culture grows at 
temperatures from 12^^ to 32°, inclusive, with an optimum at 28°, 
while the disease develops in plants grown in inoculated sand main- 
tained at constant teniperatures from 16° to 32° with an optimum 
at 24° and 28° C. No infection was found at 12°, although Jones and 
Drochsler (P) with experiments in soil, involving a longer period of 
time, found a small amount of infection at 10°. The rate of disease 
d(5velopment in sand and the rate of growth of the organism on agar 
approximate each other quite closely at the various temperature's 
used. 

In naturally infected soil practically no root rot occurred whe'.n the 
moisture was maintained at 45 percent of the water-holding capacity 
of the soil, while^at 75 percent of the water-holding capacity 72 percent 
of the plants were infected. The soil-moisture relationship found here 
is in agreement with the observations of other investigators. Since 
the experiment was not terminated until a month after planting, it 
would a])pear ])robable, under certain field conditions, that a single 
or an occasional heavy rain would not result in complete root rot 
infection, but rather that a prolonged condition of high soil moisture 
is required to produce this condition. This, of course, could happen 
in poorly drained fields, or under conditions of frequent heavy rainfall, 
as was the case in Wisconsin in 1940 when root-rot damage was 
widespread. This is further supported by the results of tlie 1940 
fertilizer ti'ial, for, on June 12, 35 days after planting, 37.8 percent of 
the plants in the unfertilized check plots were still free from root rot, 
although rainfall had been abundant. On June 24, after a 1 2-day 
period of almost continuous rainfall, all ])lants were infected, but 6.8 
])tu’cent were still classed as slightly diseased. 

During 1940 the fertilizer trial, mentioned above, was made on a 
fitdd known to be heavily infested with tlie root rot organism. Appli- 
cations of 2-12-6 fertilizer were made at various rates up to 1,108 
pounds per acre. One treatment of 0-12-6 at 1,094 pounds per aero 
was also included. The two highest applications of 2 12-6 (760 and 
1,108 pounds jjcr acre) resulted in significantly less disease than in 
the unfeitilized [dots. Lesser rates of 2-12-6 and the 1,094-poimd 
rate of 0-12-6 weni ineffective in decreasing root rot damage. Since 
the phosphorus and potash content of the two treatments (2-1 2-6 at 
1,108 pounds, and 0-12- 6 at 1,094 pounds) were the same, it is evident 
that these two components are less active in reducing root rot infection 
than is the nitrogen fraction. The rainfall during this season was 
extremely heavy ; had thert'. been less rain, it is probaljle that the degriH^ 
of control would have bc'en greater in the plots receiving nitrogen in 
the fertilizer. 

When the nutrient solution was used in continuous-flow sand- 
culture experiments at the concentration described by Hoagland and 
Snyder (7), and in concentrations u]) to five times that (lescribed, 
infection and disease severity decreased in direct proportion to the 
increase in the concentration of the nutrient solution. When severe 
infection occurred in the one-tenth dilution, only a small amount 
occurred at three times the basic concentration, and none whatsoever 
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occurred when the nutrient concentration was raised to four and five 
times the basic concentration. 

At the basic concentration and at two and three times that con- 
centration, solutions each having N, P, and K in excess, and lacking 
each of these elements were tested. The total salt concentration 
was maintained constant at each concentration level. The same 
relation as previously described was observed. The disease decreased 
as the total salt concentration of the nutrient solution increased; the 
favorable or unfavorable balance of any of the three essential elements 
in the nutrient solution in no way modified the disease response. 

This apparent disagreement with the results of the fertilizer inves- 
tigations appears to be explained when the effects of the various 
fertilizer fractions on the concentration of the soil solution are investi- 
gated. White and Ross {21)y as a result of their study of the effects 
of fertilizers on the salt content of tlie soil solution, have found that 
the nitrogen compounds NaNOg, (^14)2804, and NH4NO3 increase 
the salt concentration of the soil solution much more than correspond- 
ing quantities of the potassium and phosphorus salts now used in 
commercial fertilizers. If this is the cas(‘, tlie greater degree of con- 
trol obtained witli nitrogenous as compared witli non nitrogenous 
fertilizers could probably be attributed directly to the greater increase 
in the salt concentration of the soil solution by the nitrogen fractions 
of the fertilizers than by the potassium and phosphate fractions. 
The possible detrimental effect of nitrogen alone on the organism is 
ruled out for the reason tliat the disease development was equally 
inhibited in nutrient solutions of high salt concentration whether 
nitrogen was present in excess or lacking entirely. 

Under favorable conditions for infection in the sand culture, all 
plants may become infected within 5 days after inoculation. After 
infection has occurred, and before any but the slightest macroscopic 
symptoms are visible, changing the solution concentration from a low 
level to one sufFiciently high to largely inhibit infection, if done at 
the outset, docs not delay the development of the disease within the 
host plant. For this reason it would appear that the action of the 
high concentration of the nutrient salts is tliat of preventing infection, 
either by direct action of some kind on the organism, or by rendering 
the host more resistant. In the latter «ase the promotion of host 
resistance is much less pronounced after infection has taken place. 

On iigar made from nutrient solutions ranging from one-tenth to 
five times the basic concentration, the organism appeared to grow 
equally well. Only a slight depression in growth rate was noted at 
the highest nutrient concentration. Therefore it appears likely that 
the mechanism by which the root rot is prevented when in the pres- 
ence of liigh salt concentrations is due to some other cause than con- 
centrations of nutrient salts inhibitory to the organism. 

A possible explanation for the lack of root rot at the high nutrient 
concentrations is to be fgund in the work of Nightingale and Farn- 
ham {15). In a study of the effect of the nutrient concentration on 
the anatomv of the sweet pea {Lathyrus odoratus Ij.) they have found 
the roots of plants growing in dilute solutions to be highly succulent 
and lacking in mechanical strength. The roots of plants grown in 
high nutrient concentrations, on the other hand, were typically woody, 
mechanically strong, and distinctly lacking in succulence. A similar 
condition occurred in the stem tissue. Since the range in nutrient 



July j, itMi Factors Affecting Aphanomyces Root Rot oj Garden Pea, 1 9 


concentration employed by them (0.5 to 3.0 atmospheres osmotic 
pressure) closely paralleled that used in the present investigations 
(0.12 to 3.5 atmospheres), it may possibly be, in the case of pcMi root 
rot, that the host plants acquire a morphological rc'sistancc as a 
direct result of the high concentration of tlu^ nutinent when grown in 
such solutions. 

SUMMARY 

Th(^ investigations comprise a study of tcnnperaturc, moisture, and 
nutrition in relation to root rot (Ajdimiomyces euteiches DreeJis.) of 
peas. 

On potato dextrose agar the most rapid radial cx])ansion of the or- 
ganism oceiirrt^d at 28° C<. No growth ocjnrred at either 8° or 36°. 
Th(‘ optimum temperature foi- disease development on plants grown 
in sand was found at 24° and 28°. No infection was notcnl at 12° 
during an 11 -day period, while nearly all plants at tlu^ optimum 
temperature weri^ seven-ely affected in that periotl. 

On phosphate-buff(n*ed potato-dextros(‘ agar, th('. jiH limits for 
growth wen' about pif 3.4 and slightly above pH 8.0. The optimum, 
as measured by radial ('x])ansion of the organism, oe-c'urnid betwc^eii 
pH 4.5 and 6.5. An apparent, isoelectric point appc'annl at pH 5.9. 

In infested soil, practically no infection occurred when the moisture 
was maintained at 45 percent of the water-holding capacity. At 75 
percent of moistui-e-holding cai)acity, infe(*tion was ejuite severe. 

Uiuh'r conditions of controlled nutrition in a (‘ontinuous-flow sand 
culture, inoculat(Hl by im'ans of a zoospore suspension, the severity of 
disease (h'creased in direct proportion to the increase in total salt 
concentration of the nutrient solution. No inft'ction occurred at the 
highest, concentrations employed, while all ])lants were severely 
diseased at the lowest concentration. Varying the ratio of ('ach of iho 
elements, N, P, and K from complet<‘ absence to a,n excess of that in 
the balanced solution had no effect on disease development., whetlu'r in 
dilute or concentrated nutrient solutions. 

Wlien conditions are favorable in the sand culture, all plants may 
bt'.come infected within 5 days. Once infection takes place, high 
nutrient concentrations do not appear to inhibit the development of 
the disease. 

On agar cultures made from the nutrient solutions employed in tlu'. 
sand culture, the organism grew readily on tlu' concentrations at 
which infection was prevented in the sand culture. 
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INHERITANCE OF A MELANINLIKE PIGMENT IN THE 
GLUMES AND CARYOPSES OF BARLEY ‘ 

By R. W. Woodward 

Assistant agronomist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Although black barleys are rarely grown commercially in the 
United States, they have been used in hybridization for many years. 
Many valuable characters, including smooth awns, have been trans- 
ferred from varieties with black hulls and caryopses. A large number 
of varieties and strains of black barley have been introduced or 
selected from crosses involving black and white color. The factor 
pair responsible for the production of black pigment in barley has been 
studied by a number of workers, but no reference has been made to 
the various degrees of black coloration that exist. This paper jire- 
sents the results of a study of the inheritance of the black or melanin- 
like pigment that occurs in various intensities in the glumes and 
caryopses of barley {Ilordeum spp.) seed in some 8,000 F 3 progenies 
from more than 50 crosses. 

REVIP^W OF LITERATURE 

The character black vs. white flowering glumes has been reported 
to be controlled by a single factor pair in several publications review- 
ing genetic studies in barley. Black has been considered completely 
dominant over white, giving F 2 ratios of 3 black to 1 white. Tscher- 
mak {ISYy Biffen (i), Gritfee (,^), Hayes et al. ( 6 ‘), Ubisch (f./{),Hor (7), 
Robertson {!()), Sigfussen (f^), Buckley {2), and Kuckuck (.9) have 
all reported monogcnetic ratios of black vs. white caryopses or glumes. 
Harlan (5) reported the black color to be the result of a melaninlikc 
pigment found in the lemma, palet, and pericarp only, and the color 
in the aleurone to be due to anthocyanin pigments. A special study 
of color inheritance in barley and possible linkage relationships has 
been reviewed and discussed by Buckley {2). He concluded that 
black pericarp is always associated with black lemma, that either the 
same gene is responsible for the coloring in both the lemma and the 
pericarp or that very close linkage between two separate genes must 
exist. No linkage was found between the genes controlling black vs. 
wliite glume and pericarp color and any of the anthocyanin factors. 
The genes for black and white color were reported by Buckley to be 
inherited independently when tested with long vs. short rachilla 

1 Received for publication December 31 , i940. Cooperative mvostipations of the Division of Cereal Crops 
and Diseases, Bureau of Plant Industry, U. S. Department of AKriculturo, and the Utah Agricultural Ex- 
periment Station. 
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hairs, hooded vs. awned, and hulled vs. hulless. Gaiser (S) had pre- 
viously reported that black lemma was linked with the texture of awn, 
rachilla hairs, color of caryopsis, one albino factor, and one factor for 
the resistance to Helminthosporium. Hor (7) reported black lemma 
linked with texture of awn and length of racliilla hairs. Buckley (2) 
found three linkage groups and in addition suggested that the factor 
pairs black vs, white and hulled vs. naked caryopsis represented two 
additional linkage groups. More recent work by Robertson, Wiebe, 
and Immer {11) indicates that the factor pair black vs. wliite is in 
linlcage group No. 2 along with At atydn albino factor found in Trebi 1. 
They list a factor responsible for the production of a third outer glume 
in the same linkage group with black vs. white lemma. Ivanova (8) 
describes this tliird outer glume as a new character in barley. Seed of 
this particular barley has not been available to workers in the United 
States, so that the genes controlling black vs. white and At at are the 
only genes in linkage group No. 2 available to them. 

Sigfussen (12) has pointed out that the black pigment docs not 
express itself until just before ripening, making it difficult to classify 
immature plants. 

No reference was found in the literature to studies of crosses b(*- 
twccn colon^d parents that differed in the intensity of black pigment 
in the lemma and caryopsis. 

MATERIAL AND METHODS 

A number of varieties and strains containing anthocyanin and tin* 
melaninlike pignumt were used in this study A few white-gluntcd 
varieties thought by some workers to produ(*e occasional dark type's 
also were included in an observational nursery. These varieties havi* 
been grown for periods of 7 to 9 years. Head selections also have' 
been made from them, some of which appeared to show greater color 
variation than others. 

After preliminary studies all of the. varieties were arbitrarily classi- 
fied into five groups based on the intensity of the melaninlike pigment. 
Two of the varieties in each group breeding most uniformly for color 
intensity were chosen for the genetic studies. These groups wen* 
designated as (1) dense black, (2) black^^ (3) medium black, (4) gray, 
and (5) white. 

Although the climatic conditions were gen(*rally favorable for color 
classification, it was difficult in some crosses. Attempts were made to 
extract the black pigment so that the extracts might be used as a 
basis for classifying color, but with no success. 

Most of the more than 100 black-glumed varieties and strains were 
found to be relatively stable and uniform for color intensity. A few 
varieties such as Blackhiill had previously been reported to contain 
sonie individuals with lighter colored glumes and caryopses than the 
variety as a whole*. In a study of a large number of head rows of 
Blackhull (C. 1/ 878), alight-colored type was isolated and found to 
breed true. This light-colored strain of Blackhull (C, I. 878) was 
used as one of the parent strains in the gray group. A number of the 
color variants found in the original Blackhull variety were definitely 

« Obtained from H. V. Harlan, principal agronomist, in charge of barley invostigations, Division of Cereal 
Crops and Diseases, Bureau of Plant Industry. 

< 0. 1, refers to accession number of the Division of Cereal Crops and Diseases. 
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identified as mixtures or liybrid segregates, A few other varieties, 
including C. 1. 875 and 3204, contained two or more color classes 
wliich, when isolated, have continued to bre(»d true for dark and light 
glumes, r(‘sp(ictively. There is no ovidenct; from a 9-year study that 
any of the varieties grown under Utah conditions have thrown mutants 
of (uther lighter or da,rk(T color intensity than was found in the original 
material after pure color types were established. 

The varieties used in this study to represent the five color-intensity 
groups are shown in tables. 1, and sonu*. of them are illustrated in figure^ 
1, Group 1, arbitrarily classed as dense bhi(‘k, is characterized by its 



Fkutre 1. — Spik(\s of harlcv illustrating four of tho five color-intensity groups: 
(iroup 1, den.s(i black {BB) \ group 3, mertiuni black group 4, gray 

{Bolio)- mid group 5, white (hb). 

oxtremo black })ignu‘iituti()ri in the flowering glumes, pericarp, and 
awns. Blackhull (C. 1. 878) and Black Algerian (C. I. 708) arc 
representative of this group. Group 2, classed as black, appeared to 
be slightly lighten’ in color intensity than group 1, _th(' awns often 
showing a yellowish color. Bucher (C. 1. 1401), Donjon (C. 1. 1264), 
an unnamed variety (C. 1. 3910-1), and Jet (C. I. 2222) are listed as 
representative varieties in group 2. Group 3, described as medium 
black, shows slightly less pigmentation than group 2. Tlie lateral 
florets arc generally'light-colored in the two-rowed and intermediate 
segregates found iii this group. C. I. 4376 and 2970 are representa- 
tive varieties. Group 4 is best described as gray in color and generally 
shows sufficient contrast to the other groups to bo easily identified. 
A light-colored type isolated from Blackhull (C. I. 878) and Dentil 
(C. I. 1260) was chosen to represent this group. In group 5 are 
included varieties with wffiite glumes and pericarp, of which C. I. 
4354 and Blackhull 1178 (C. I. 5679) are representative. 
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All combinations among 2 of the above varieties from each of the 
5 color classes were made. The total of 45 crosses involved combina- 
tions of all fertility classes such os two-rowed, six-rowed, intermedium, 
and deficiens, as Veil as other character differences. Other crosses 
also were made for additional information on the inheritance of black 
color. 

Table I.* -Colm -intensity groups and descriptions of the varieties selected to represent 

them 



(’ I. 
No. 


Varietal characters 


(iron i> and varielj 

(lliime and pericarp 
color 

i i 

Awn color 

1 

Fertilii > type of 
lateral florets 

Caryop- 

Slh 

1, Dense black. 

1 


! 



BlackhulL _ 1 

878 ’ 

Dense black . 

Black. 

Deficiens 

Hulled. 

Black AlKonari 1 

708 ! 

do . - 

do 

Vulpare, 

1)0. 

2, Black* 






Jet 

2222 ! 

Black (lateral llorets 
gray) 

Dark to light . 

Intermedium . 

Hulless. 

Bucher 

1401 

Black - 

-- -do . - 

Vulgare 

Hulled. 

Unnamed - - 

3010-1 

Brown to black - 

--- -do. -- - 

-do 

Hiilksss. 

Donjon 

1264 

Black_ ; 

-- do 

...do . 

Hulled. 

3, Medium black. | 






Unnamed- . 

4376 

Dilute black .. 

Gray 

Deficiens 

Do. 

1)0 

2970 

1 

Dilute black (laterals 
yellow). 

.. do 

Distitjbon . . . : 

Do. 

4, (jray 






Blackhull (InJihi-col* 

878 

dray 

Uolorless . . . 

1 )efi(*icns . 

Do 

ored). 




Distichon . ] 


Dentil 

1260 

.. do .. 

do - 

1 Do 

T), bite. 




i 


T^nniamed 

4354 

White 

..do 

Vulgare 

1 Do. 

Blnckliull select ion i 
1178, 1 

! 5079 

- 

--do ! 

Intermedium... I 

! 

j Do. 

i 

1 

1 

! ' 

' 

1 




Experience indicated that observations on the primaiy spikes were 
more reliable than those on spikes chosen at random and that all 
material should be thoroughlv ripened before harvest in order to 
classify color density accurately. This latter fact also w'as pointed 
out by Sigfussen (12). 

All crosses were studied through the F3 generation as a check on F2 
classifications. Numerous doubtful types were continued in head 
rows for 2 or 3 years longer or until they could be identified more 
positively. Normal color densities failed to develop in seasons of 
excessive moisture or cloudy weather. Such seasons sometimes 
necessitated the study of large populations ih the F4 and Fj generations 
in order to determine the breeding behavior of the Fj plants. 

The material was space-planted in rows S to 17 feet long. A large 
part of the material w'as studied in the field. 

EXPERIMENTAL RESULTS 

COLORED X WHITE 

Pigmented varieties, representing the four color-intensity groups 
were crossed with varieties having white or colorless glumes and 
pericarps. In each case Fj ratios 01 3 black to 1 white resulted, as is 
shown in table 2. This is in agreement with tlie ratios generally 
obtained by previous workers. No intermediate color classes could 
be found, regardless of the intensity of the black parent used. 
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Table 2. — Fi segregations in crosses between colored and white varieties 


C^rOw^s 


IViiso black X whito . 

Blackhull X Blackhull selection 117H 
Blarkhull X C. I 4351 . . . . 

Black Alfronan X n. ] 4351 
Black Algerian X Blackhull selection 
1178 

Black X white . 

C I. 391(1-1 X C. L 4364. _ 

Bucher X C. T 43r>4_ . . 

Jelxe. 1. 435t .... 

Donjon X C. 1.4354 

(’.1 391(1-1 X Blackhull .select ion 1178 

Jet X Blackhull selection 1178 . 

Doinon X Blackhull selection 1178 
Mediuin bla(‘k X white 
(M 2970 X r I 4364 
(' 1 2970 X Blackhull selection 1178 
OiayX white 

Blackhull gray segregate X D I. 4354 
Dentil X D I 4354 
Dentil X Blackhull selection 1178 . 
White X hite. . 

Blackhull selection 1178 X D I 43.54 
1'otal „ . _ 


OcncticsyinhoE 

Fs .st‘grpgfvtion hasod on 
Fs breoding behavior 

T)eviatiori 
Htandanl error 

im X bh 

Dense black 

White 



230 

75 

0 17 



340 

113 

03 

- . - 

21! 

80 

97 


156 

64 

1 40 

nnxbb . 

Black 

White 


- 

527 

185 

6i 

- . . 

205 

71 

28 


363 

124 

50 



no 

46 

1 29 


257 

93 

68 



163 

72 

2.43 


51 

21 

82 

JimhIimhXbb ... 

Mediutii black White 


. .. 

2o2 

9J) 

1 25 

. . _ . 

194 

83 

1 91 

fiojiti X bb 

Ora> 

W bite 


- - - 

216 

79 

.71 


253 

96 

1 08 

bhx'bb. i 

326 

No segregation 

126 

1 41 


3, 844 

1.427 

- 


It should ])(» noted that tin* whito sogro^atos ai’o in exot'ss in all but 
two of th(‘ cros8(‘s. In all <•l•oss(‘s studied the deviation in favor of 
light-eolorod segregates is still more pronounetHl, giving 0,H)0 dark to 
2,234 light, witli a deviation of ]34d:4(). No satisfacdory explanation 
has h(Bm found for this liehavior. 

COLORED X COLORED 

Tabulated results of the segregations from erosst's of eoloivd X 
eolon'd are shown in lahlt' 3. 

DENSE BLACK X DENSE BLACK 

No indication of any segregation could Ix'- ol)S(‘rvcd in th(‘ Fc and 
hiUu* generations of crosses l)etw'(‘en dense l)la(*k and dens(‘ black 
varieti(‘s. 

DENSE BLACK X BLACK 

Six cross(‘S of dense black X black wore studi(*(l, luit classification 
was difficult. These two color groups differ so slijzhtly in intensity of 
coloration, which expresses itself largely in the awns, lat(‘ral florets, 
and culms, that they may be ineluded in om' group. 

DENSE BLACK X MEDIUM BLACK 

^Vith favorable seasonal conditions the segr(‘gating generations from 
the cross of dense black X medium black could be classified. A single- 
factor difference explains the results obtained. Varieti(s or segre^gates 
of the six-rowed type consistently have a slightly lighter coloration 
than those of the non-six-rowed types. When the color classes ()f tln^ 
parents wen*, similar, classification of iho segregates was more difficult 
in the progeny from crosses involving six-rowed by non-six-row (^d 
varieties than wlien both parents were of like fertility. 
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Table 3. — F2 segregations in crosses between pigmented varieties representing the 
different color-intensity groups 


Cross 

Genetic symbols 

Fi segregation based on 

Fa breeding behavior 

Deviation 

Standard error 

Dens© black X d(‘iise black 

BBXBB . 




Blackhull X Black AlRcriau.-. _ 


No segregation . 



Dense black X black _ 

Mxbb .. - 

... 

.... 

- 

Blackhull X Bucher 



No segi’cgation ... 


_ 

Blackhull X Jet - -- - 


... do .. 



Black Algerian X Jet 



. . do . . 




Black Algerian X C. 1. 3467 , . 

. . 

-do . . 



Blackhull X C. I. 3910-1 


do . 


. 

Black Algerian X C- 1 3910-1 

, 

do 





Dense black X mediiiiii black _ 

BB X 

Den.se blH(‘k Meiiium black 


Blackhull X C. 1. 2970 



176 

72 

1 47 

Black Algerian X C. L 12*J70. . . 

. 

Difficult to classify. 





T^ense black X gray 

BBXB^B^ ... 

1 lense black 

Gray 


Blackhull X C\ 1. 1260. 


215 

80 

84 

Black Algerian X Blackhull gray 


176 

70 

1 25 

segregate. 





Black Algeriau X ] lentil 

. 

74 

23 

29 

Black X black 

BBXBB. ... 




Donjon X 0. 1. 3910-1 . 

... 

No segregation. . 



Jet X 0 1 3910-1 


. .do 




C. 1. 4363 X Jet- 


(lo 



Jet X Bucher 


do 



Bla(‘k X medium black 

BB X 




J(‘t X r 1 2970. - 


Diffleuit to classify 



V I. 3910-1 X C. I 2970 


. - do - 



Black X gray 

BB X 

Black 

Gray 


Bucher X Blackhull gray segregate. 


1H7 

f)7 

. 51 

(\ 1 3910-1 X Blackhull gray segie- 


228 

87 

1 07 

gati' 





Donjon X Blackhull giay segiegate 


125 

4,'5 

18 

(\ I. 3467 X Dentil 

- 

166 

42 

1 60 

Bucher X Dentil. 


ISS 

57 

.63 

C:. I. 3910-1 X Dentil 1 


215 

68 

38 

Medium black X medium black ! 





(M.2il70Xr 1 4370 .. 1 


No s(‘gregation 



Medium black X gray.. ! 

Jin.hJimh X B^Bo 

M(‘dium black 

Gray 


r. 1 2970 X Blackhull gi ay segiegate i 


305 

117 

1 

C.l. 4376 X Dentil 


94 

28 

52 

C I. 2iJ70 X Dentil 1 


173 

53 

.5-4 

Gray X gray . | 

B-B- X B«B- 

. - 



Blackhull gray segregate X Dentil | 


No segregation 










DENSE BLACK X OKAY 

Crosses involving dense black X gray were extremely clear-cut in 
their segregation. A monofactorial condition was suggested by all 
such crosses. 

BLACK X B|^CK 

No indication of segregation was observed in any of the four crosses 
studied involving black X black. In 0. 1. 3910 i, a hulless variety, 
the pericarp was more densely colored at full maturity than the glumes. 

BLACK X MEDIUM BLACK 

Differences in the parents chosen for black and medium black could 
be seen when conditions for color development were favorable. 
Crosses involving these two groups, although indicating segregation, 
did not permit clear-gut separation in the F 2 or later generations. 

BLACK X GRAY 

Each of the six crosses studied indicated a single-factor difference 
between the color intensities black and gray. In seasons when 
bleaching was abnormal it was necessary to continue considerable 
material into the F 4 or F 5 generation in order to separate the classes. 
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MEDIUM BLACK X MEDIUM BLACK 

No segregation was evident when two varieties of this color-intensity 
group were crossed. 

MEDIUM BLACK X GKAY 

Crosses between varieties of the medium black and the gray classes 
yielded monofactorial segregations in the F 2 generation. 

GRAY X GRAY 

A cross between C. I. 1260 X Blackhull (C. I. 878) (gray) showed 
no indication of segregation in later generations. 

DISCUSSION 

Although iiv(‘ color-intensity groups w(‘re described and studied, 
the problem would have'. b(‘eu simplitied if the groii]) listed as black 
had been eliminated or combined with denis(* black. Great difficulty 
was eii<‘ountered in ciassifying th(‘ plants in crosses involving black 
X dense black or black X medium bla<‘k. It appears that the black 
group may differ slightly from either of these other dark-colored 
gi-oups and that possibly still other color groups might b(‘ found by a 
positive method of d(‘t(‘rmining color intensity. The medium-black 
group appears to b(' distinguisha])l(‘ from the otlnu* gi'oups ])ut is not 
too W(‘ll ('stablisln^d as y('t. 

Using only data from cross(*s in whi(*h the segn^gates could b(‘- classi- 
fied ])y inspection, the nvsults definitely establish three color groups, 
the dense black {BB), gray {B^B"^)^ and white {bh). The factors 
n*sponsibl(‘ for th(» production of the melaninlike' pigment ajipear to 
je'pn'se'iit an allelomorphic series, sin(‘(^ only monofactorial ra.tios were 
obtained from any combination showing color-in te'iisity difference's. 
In all cre)sse^s the elarker e’eilor Gass showed e*e)m])lete dominance'. 

The'sc' studie's also sugge'St that ceudain other varietie'S might give 
more' ch'ar-cut rc'sults in crosse's. 

The Dentil variety displaye'el a winte'r-grown habit in two seasons, 
which coinplic'ateel the' studie'S, but e^arly see'ding ediminated furthe'r 
difficulty in this lespen’t. 

Bucklew {£) e*e)n(‘luded that black pericarp is always assoelate'd with 
black lemma and that e*itheM* the same ge'ne is re*spe)nsi[)Ie for the' 
coloring or e*los(' linkage e'xists. No se'gre'gate's exhibiting locoinliina- 
tions'of glume and pe'rie'arp colors were obtairu'd in these e'xpe'riine'nts. 

SUMMARY 

No mutation or new eiff-color type was obseuwe^d ehiring a study of 
more than 100 varieties and strains of barl(\y, although in some vari- 
eties individual plants segre'gateG for two c'olor classe's. 

Barley varieties were grouped into five', color ehisse's, based upon the 
intensity of the', black melaninlike pigment in the glume and pe^ricarp. 
These groups were (1) dense black, (2) black, (3) medium black, (4) 
gray, and (5) white. More than 50 crosses involving all group com- 
binations were made and studied in the segre'gating generations. 
Eliminating group 2 (black), ail crosse's ameing the remaining four 
groups yielded monofactorial segregations in the F 2 generation. More 
refined classification might establish one or more additional color 
intensities. 
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The medium-black group appeared to be distinct from the others, 
but its relationship could not be established. 

The data suggest an alhdomorphic scries of factors causing various 
color-intensity expressions. The factors definitely established are 
black {B^B^)^ and white (66). The denser color was 

always completely dominant ov(t the lighter one. 

Despite' atb'inpts to isolate olher color groups from the progeny of 
certain crosses, the ])arental types only were re'covered in tlu' homo- 
zygous condition in later generations. 

Pigment formation in both the pericarp and the flowering gluiru' 
a])pears to b(^ controlh'd by a single series of allelomorphic genes. 
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A STUDY OF THE C FACTOR AS A REQUIREMENT FOR 
GROWTH OF HEMOPHILUS GALLINAKUM ‘ 


By J. P. Dela PLANE, nfisoriate poultry h Ufibnm] man , and H O. Stuakt, poultry 
li ushanfhnan, Rhode Island Agricultural Ex pcrivient Station 

INTRODUCTION 

Tlic s()-chJ1(‘(I C factor r(‘(|uircnicnt for tlii' p-owlh of HemophUv^i 
(jaUimirum " was rc[)ort(*(l by Kcss(‘ns,^ who obs(‘rv(Ml Uiat chicken scr- 
um h<‘at(Ml at 90° to J0()° (\ for 10 minutt‘S su|)port(‘(l j>:rowlh of TI, 
htJIutvrMc, but failed to support growth of th(' fowl coryza bacillus, 
//. gall inarum.. 

I)elaplan(‘ id al/ found that som(‘ factor in chick('n-blood s(Tuin 
was adv(u*sely aiiect(‘d by boilinjj: but was not comph'Udy d(‘stroy('d, 
sinc(‘ some growth occurr(‘d when tin* boih‘d s(‘rum was us(‘d at tin* 
base of nutrient apir slants. For convenu‘nc(‘, th(*y also r(‘ferred to 
this factor as the ( ' factor. 

B(*caus(‘ of tin* incompl(*t(* d(‘struction of tin* factor in boiled blood 
serum, tin* (pn*stion arosi* as to the possibility that the physical changes 
brought about by boiling rni^ht have pr(‘V(‘nted the organism from 
utilizing sonn* nec(*ssary nutri(*nt and that tin* (*ir(*cl obs(‘rved was 
not tin* r(*sult of cln*mical action. 

METHODS 

To avoid the lirm type of coagulated pioteins such as r(*sult from 
boiling s(*rum or diluting S(‘rum in broth, it- was decid(*d to add tin* 
storili* chicken-blood serum in tin* ratio of 1 part of sterile seruin to 
.‘1 parts of a st-(*rile 2-perc(*nt sodium citrate* normal salt solution. 
Sucli a solution is alkalirn*, and it was thought that the metaproteins 
r(*sultiii^ from boiling would remain in suspe*nsion. This proved to 
In* the case*, as tin* se'runi seilution me‘re‘ly became cleiiiely afte*r beiilin" 
e>i’ after heating feir 15 minute*s at 15 pounels’ pressure in the auteielavt*. 

Serum sedutions thus |)r(^pare*el we*re‘ beiiled for 5, 10, anel 15 niinute*s, 
rapidly ceiede'el, and use‘el with nutrient broth anel at the* base* ol nutrient 
slants for cultural te‘sts. vSe*rum seilut ions similarly prepareel 
we*re‘ aute)clave*el anel toste*el in the same manner. Sterile chiedve*n-hlood 
plasma inste*ael of se*rum was alse) us(‘el in the* te*sts. 

As boiling in the manner describt*el diel not ap|)e*ar te) elestroy the 
jrre)wth f)rope*rtie*s e)f tin* se*rum or plasma lor Nf mophilvs gallinariim, 
l)e)iled preparations of se*rum anel plasma were c(*ntrilu^eel, the supt*r- 
natant filtere*el thre)u^h filter pape*!*, anel the filtrate ste*rilizeel by 
passing: throug:h Swinny bacteriological filters. 

Unheateel se*yum anel plasma filt(*r(*el in this mainn*r wea*e* kne)wn to 
support gre)wth e)f IlemophllvH gallmarum ^ anel se) we*re ne)t employed. 

~"Koctjived for pubUcjition Oecoinber 9. 1940. C^oniribution No r)77 of llie Rhode Islainl Agricultural 
E\|H*rim(‘iit Station. 

2 Kessens refers to tliis organism as Hat'mopkuus corpza 

* KESSENS, B. 11 VERGP:LTJKEND ONUEBZOEK IIETREFFENUE lIAEMOrUIJA s CORVZAE, UAEMOPHIU’S 
INFLUENZAE EN ANDEBE IIAEMOl'IIIELE BACILLEN KljkS Clllv , rtrecill 

< Delaplane. J 1* , r:RWiN, L K., and Stuart, 11 O '•he effect of the \ factor, of souixim chlo- 
ride, AND OF THE COMPOSITION OF THE NUTRIENT MEDIA I'PON THE (•ROWTH OF THE FOWL CORYZA BACILLtlS, 
HEMOPHILLUS gallinaRUM Jour. Agr. Res. 50. 919 920 lUliS. 
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Two clifriMorit strains of Hemophilus gallinarum and a smooth strain 
of //. infiuenme were used for testing the boiled serum and plasma 
solutions, nnd a baetcTiologieaJ filtrate was obtained from them. 

RESULTS 

The r(‘sul(s of the various tests are shown in table 1. The boiled 
serum and ])lasina solutions support(Hl good growth of Hemophilus 
gallinarujyij whereas th(‘ autoclaved preparation failed to do so. This 
would se(^m to indicate that boiling the serum or plasma does not 
destroy tlie factoj’s neci^ssary for growth; and that tin* possible destruc- 
tion of the factor in siTuni as reported by Kesscms’^ and by Delaplane 
ei al.® result(‘d from physical changes in the nuMlium. 

'J''h(‘ results of filt(Tiug tlii' boiled preparations would seem to indicate' 
that the growth factors are tied up with tlu' (coagulation proteins 
sin(*e th(‘ filtrates faik'd to support growth. 

The tests in whi(*h Hemophilus influenzae was used showed that it, 
too, would grow in the hoiked citrated serum and plasma preparations, 
but> not in tlie bacterial filtrates of the same material. 

It may Ix' possil)le that through tlie action of enzynu's or other 
factors Hemophilus influenzae^ unlike' //. gallinarum, is able to utilize' 
the growth factors of the inene (irmly coagulated feirms of the boiled 
ehiecken serum ])rote'ins (as reporteei by Ke'ssens but no studms eif 
this kinel have* bee'ii attempteel. 

As a re'sult of the'se studie's, the writers Ix'lieve the C factor e)f 
Kessems ^ to be one*, of a ])hysi(*al rather than of a distinctly chemie*al 
or nutrient nature, and tiius the culture's of Hemophilus gallinarum 
used in the pr(‘se*nt woi'k I'equire only the X and V" faeclors for growth 
rather than thee X, and C factors. 


Table ^.- -Tke vjfedi^ upon the groivth of Hemophilus gallinarum and If. influenzae 
of diffeieni methods of treating preparations of ZH- percent chick en-hlood serum or 
or plasma, in Z-perceni sodium citrate normal salt solution 


Troatmont ol chicken -t)U) 0 (l ijrcjiaratifm and method of n*?e 


T>pc of prowth (as indicated 
by stained projiarations) 


Serum boiled f) mimites, usi*tl at base of agar slants . 

Serum boilod Ti minutes, used \Mth broth. . 

Serum boiled 10 minutes, used at base of agar .slants. . 

Serum boiled 10 minutes, list'd with broth. 

Serum boiled 15 minutCvS, used at bast' of agar slants... 

Serum boiled 1,5 minutes, used with broth. ... 

Serum autoclaved 15 minutes, uwhI at bast^ of agar slants . 
Boiled scrum Swinny filtrate at base of agar slants . 

Plasma boiled 5 minutes, used at base of agar slants . . 
Plasma boiled 5 niinutes, used with broth . 

Plasma boiled 10 uiinut(‘s, used at base of agar slants .. 
I'lasma boiled 10 minutes, used ith broth . 

I’lasma boiled 15 minutes, used at base of agar slants 

Plasma boiled 15 minutes, used with broth 

I'lasma autoclaved 15 minutes, used at base of agar slants . . . 
Boilod plasma Swinuy filtrate at base of agar slants . , 


il gallinaruin i 


(lood growth . . 
(Irowth . . 

flood growth 
(Jrowtli. 

flood growth .. 
Growth . . 
No grow’th - . .. 
...do.,. 

Good growth _ . . 
Growth. 

Good growth . .. 

Growtn 

Good growth.. 

Growth 

No growth. - 
do - . 


II. influenzae 


Good grow'th. 
Growth 
Good growth 
Growth. 

Good growth. 
Growth. 

No growth. 
Do. 

Good growth. 
Growth. 

Good growth. 
Growth. 

Good growth. 
Growth 
No growth. 
Do. 


1 No differences were noted between the 2 strains of JI gallinarum used in the tests. 


fi Kksskns. B H. Sec footnote 3, 

tt Delai^lane, J 1' , Erwin, L. E , and Stuart, H. O. See footnote 4. 



THE DISTRIBUTION OF POTASSIUM IN BRIGHT LEAF 
CIGARETTE TOBACCO AND ITS INFLUENCE ON THE 
QUALITY OF THE LEAF ‘ 


liy M. F. (jRiBBiNS, assistant tn agricultural and biological chemistry^ ,1. Keid 
assistant professor oj bacteriology^ and J). K. \j.ey, professor oj soils and phyto- 
chemistry^ Pennsylvania Agi icultural Erperiment Station 

INTRODUCTION 

Numoroijs workcM’s liavu j*o|)(>rto<l that jKitasli fertilization of leaf 
iobaeco ia favorabb* both to the yield and (quality of the (Top. Alaiiy 
lundameiital stiuli(‘s have been eondiicted on the absorption and trans- 
loeation of potassium by jjjrowiu" plants and its aeeurn illation within 
the various (a^lls and tissue's. The ri'lation of this (‘hnnc'iit to various 
bioelH'inieal and physiological phenonu*na has nreivc'd due 
eonsideration. 

Till' jU‘(‘S(‘nt inv(‘sti^ations involve a study of tht‘. infliu'nee of various 
(juantitif's of potash feililizers appli(*d to p*owin^ plants in the liedd 
on th(‘ absolution and localization of potassium witliin tlie ])lants and 
the infhu'iice of this (hamait upon their quality. For tlu'se studies, 
sampl(‘s of tol)a(*eo wen* obiaiiu'd from certain of the (‘xperimental 
plots at ('hatham, Va., Avliere tlu' Virginia Agricultural Kxperinunit 
Station is conductiujj: ii('ld tests on this cro]). vSamph's of l)oth the 
M)3S and 1989 cro])s W(‘r(‘ takcui in D(H‘(‘mb('r from a barn where thi‘ 
mailin' h'avc's had Ix'-en stored in the usual maniu'r after harvesting 
and curing. The n'sults of sludic's conductc'd on similar sani|)h's of 
I he 1987 crop have* Ix'en report t'd (2)} 

REVIEW OF THE LITERATURE 

Within the growing plant potassium may bi' found in the form of 
compounds whi(‘h an' (piite solulile in watiT. It is n'adily transported 
throughout the plant and is usually found to a(‘cumulate in n'gions of 
active growth. Nightingale, S(*h('rm(‘rhorn, and Kobbins (f/) found 
that tin* gieater part of the potassium in tomato plants was soluble in 
water and, whi'ii piesi'iit in limited quantitii'S, was translocat(*d from 
I'l'gions of less int(*nsive to n'gions of more inti'iisive metabolism. If a. 
])o(assium-d(‘ficient plant was allowed to fruit, the potassium was 
transloe-ati'.d to tin* fruit at tin* ('xp('ns(* of all oth(*r portions of the 
plant, wliich resulUnl in its (h'ath. Confirmatory results have been 
reportc'd by «Tames and Penston C?) and by Janssi'u and Bartholomew 
{Ji). The last-nanu'd workers found that leaf starvation in the tomato 
plant due t,o a lack of potassium was progressive, and ('xtemh'd from 
the lower to the upper leaves. Dc'ad leaves taken from the plants 
sh(W('d a much low(*r content of potassium than actively growing 
h'aves, indicating a reutilization of this i*lem(*nt in metabolism. It is 
apparent, tluirefore, that a plant should contain amphi quantities of 

1 K»h*oivo(1 for publication August ill, IlUO I*aj>er No 900 in the Journal Senes of the Pennsylvania Agri* 
cultural ExpcThnent Station. 

2 Italic nunibors in parcnthe.si's refer to Lit(*rature (hted, i) 3S. 
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potassium for its normal gi*owih and metabolism, and that there 
should be a fair distribution of this element throughout the plant. 

MATERIALS UwSED AND METHODS OF ANALYSIS 

Th(' samples wen^ t-ak(‘n from plots each of which received-30 pounds 
of nitrog('n, 80 pounds of phosphoric a(ud, and various quantities of 
potash per aeiHi as shown in table 1. Supplementary treatments 
involv(‘.(l the application of magnesia and limestone to all plots at 
t he rat of 200 pounds per acre. Two percent of the potash was applied 
as muriate, th(‘ rcmiaiiider as the sulfate. Ref)resentative samples 
of leaves wen', taken from tlu^ lower, tin* middle, and the upper third 
of the stalks. Each sarnph' represented two grades, good quality and 
scrap quality. Jn 1938 only the good (|uality grades were analyzed. 

M(‘thods used for chemical analysis involvc'd the nanoval of th(‘ 
midrib and giinding the remainder in a Wiley mill. Total nitrogen 
was determiiu'd by the Kjeldahl method modifi(d to include the nitro- 
g(*n of jiit rates, potassium by the platinic-chloride method according 
to Thomas et al. (10), and moisture by drying at 97.5° (k for 2 hours in 
a drying oven. Rc'ducing materials were determiiu'd on an aqueous 
1 ‘xtract‘of the sample by the Quisumbing and Thomas method (7) and 
calculate'd as glucose. wSamples W('re'. extracted with water at 50° C. 
for 2 hours and then overnight at room tenqx'iature. Tlui samples 
were clarified, deleaded, made up to volume, filtered, and the reducing 
power determined on aliquots. 


Tarlk 1.- Fniihzcr treahnmi of the ex pert menial tobacco plots studtetV 


1 

2 

3 

4 



7 

8 


Plot No 



How (ri‘atment, 
l.oho pounds 
per acre of in- 

Side dressing 
of K.>() per 

dicated formula 

acH' ^ 


Pounds 

! 3-S-O 

0 

! .3-8-3 

0 

i 3-8-(, 

0 

3 K ft 

3(1 

3 8 -(» 

00 

3 8-(> 

)(M) 1 

3 '8 f> 

140 I 

! 3 8 () 

240 1 


I 


Totnl k»0 in 
Ireutnuinl, pf'r 
acn‘ 


Pnuhds 

0 

3(1 

()() 

iK) 

12(1 

HU) 

2IH) 

3(H) 


> Data prest'ntecl In this tablo wen* obtained from E M Matthews, su|>(Tin ten dent of the Chatliain sul>- 
station of the Virginia Agrieultuial ExpernneDt Station 

Side dressings w'ere a})plied on either side of the row aboul 8 Inches from the plants 3 weeks after trans- 
planting. 


PRESENTATION OF DATA 

Samples of both the 1938 and 1939 crops were analyzed for potas- 
sium, nitrogen, and reducing materials. The reducing materials, to a 
targe extent, are made up of fermentable carbohydrates. A large 
portion, but by no iiK'.ans all, of these materials is made up of glucose 
and related sugars. 

The 1938 crop produC-ed good yields and commanded a fair price on 
the nxarket (table 2), notwithstanding the fact that it was grown under 
conditions of excessive rainfall and was somewhat damaged by hail. 
The analyses made on the best quality samples are presented in 
table 3. 

8 These saTnple.s were submitted through tlie courtesy of E. M. Matthews, suiwrlntondent of the Chatham 
substation. 
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1'able 2.— Effect of vanovi^ fertilizer treatniculs 07i the yield and value of the 19S8 
and lost) crops of hi ight leaf tobacco pi od need on the experimental plots studied 

J9.18 


TMot No J 


2 _ 

A . 

4 

Tj 

K . 

7 

H 


1 

2 . 

A 

4 

T )-, ^ 


h 


Yi<>l(l 

ucrc 


/’<)««(/» 

T.Oh 
1,09() 
1, iUH 
1 . 192 
1 , IHS 
1.222 
1 , 19 S 

1 I. 22 H 

19.19 ('Itor 


SSH 

I, 091; 

J, 112 
I, U)4 
1 , 0 K 4 
1, 120 
1, 148 
1,070 


Viilm- 

Prur 

IM^r acu* 

per pouml 

ih>Httrn 

( VHt.S 

140 29 

18 f) 

218 08 

19 9 

2.19 70 

20 h 

2.'i4 Ah 

21 

2;i;{ o:; 

19 7 

241 09 

19 7 

222 74 

18 0 

2:i7 

19 A 


120 

40 

i:i 

(v 

150 

80 

13 

8 

1.55 

60 

14 

0 

102 

00 

14 

7 

117 

W) 

13 

0 

150 

40 

14 

0 

in 

60 

12 

5 

144 

80 

13 

5 


J Soe lul)le 1 for formulas ami t]utiulitU‘S ol lorliliz«*rh uvd ou tlios<‘ i)lols 

The 1939 rro]) was ^rowii luider dry conditions (*arly in the stmson 
but later tin' rainfall was satisfactory. On tlu‘ whole, howevcu*, this 
crop was somewhat iiifiuior to that of tlu' 193S crop (tabl(‘ 2). 

(^hemical analyst's of llu' tobacco for both yt'ars are presented in 
table 3, all rt'sults bt'in^ reported on a moisturt'-frt't* basis. PVom the 
results as listed in table 3, Hit' ratio of nitrogen to potassium was 
calculated. Tht' results art' prest'iited in figures 1 and 2. 



PLOT 

Fkujkk 1. — The nitrogen /potassium ratio of bright loaf tobacco as iiifluenct'd by 
fertilizer troatmoiits, 1938 croj), ])est tpiality. 
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TABr.E’3. ' Effect of various Jerldizer treatments on certain constituents of the hottomy 
tuiddlcy and top leaves of best-quality bright leaf cigarette tobacco produced on the 
vxperwiental plots in lOSH, and of best and scrap quality m lOSO 
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Table 3. — Effect of variouf^ fertilizer treatments on certain constituents of the hottom^ 
middle^ and top leaves of best-quality bright leaf cigarette tobacco produced on the 
experimental plots in 1938^ and of best and scrap quality in 19S9— Con. 
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DISCUSSION OF RESULTS 

The results on the intake and a eeimi illation of potassium as in- 
dicated in table 3 are somewhat in agreemtmt with the observations 
of Anderson and coworkers (I), who stated that wh('re the supply of 
potash in the*, soil was quite low, this el(*ment was found in higlnu* 
concentrations in the upper rather than in the lower l(‘aves. On th(‘ 
other hand, where the supply was ample, there was a higher accumu- 
lation in the lower leaves. 

That the distribution of potassium in the plant is influenced in a 
measure by tln^ quantities available is indicated by table 3. In plots 
1 and 2 the low level of available potassium appeared insuflicient to 
meet the demands of the growing plant. "" Under these (*onditions a 
larger accumulation of this element should be expcH'.ted in thc^ upper 
portions. However, where ample or rather excessive (juantiti(‘S of 
potassium were available to the plants, it appeared to be absorbed 
throughout the growth period, resulting in a marked accumulation of 
Ibis element, in tlie lower plant parts. 

The incorporation of relatively large quantities of potassium in the 
fertilizer mixtures, im])roperly balanced with other necessary mineral 
nutrients, does not appear to be advisable, since the market value* of 
the tobacco produced on plots so treated was found to be quite low. 
The conditions under which these plants were grown, however, in- 
dicate that quantities approximating 100 pounds per acre may lx* 
desirable. 

Wliile it is not advisable to produce bright leaf tobacco containing 
large quantities of nitrogen, this element must be given due consider- 
ation as supplying certain properties to the leaves which are extremely 
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desirable from the standpoint of both yield and quality. From the 
results obtained, th('. writers are inclined to Ixdicve that the ratio of 
nitrogen to potassium should approximate 1:1 in tin* leaves. (See 
figs. 1 and 2.) It is appanuit tliat the plots receiving minimum (pian- 
tities of potassium liad a wider ratio, while those ri'cidving excessive 
quantities had a narrowi^r ratio than this valu(‘. Tjcavc'S showing a 
ratio of approximately 1:1 were found on the middle heaves of the 
plants grown on plots 3, 4, and 5 during the 193S season. 

it would app(‘.ar that then* is some correiation betwi'en the nitrogen/ 
potassium ratio of t in* leaves and the fertilizer treatment of the plants. 
While the 1938 and 1939 crops were produc(*d under different weather 
conditions, tin* figures for tin*, nitrogen/potassium ratio were of some- 
what the same ordiT. 

Sampl(‘s of th(‘- 1938 crop showed an incr(‘as(‘ in the concentration of 
nitrogen from the low'er to the upper leaves. ll()wev(*r, tliere appear(»d 
to lie a slight variation wln'ro the ])otassium supply was more or less 
ample. On the otluu* hand, the variation was quite pronounced for 
plot 1 where no potassium was appli(*d. This was likewise noted for 
samples takiui from this plot in 1939, while the rtanaining plots showed 
approximately tin* same concentration of nitrogen in tin* bottom and 
top leaves, being stimewhat lowiT in the middh* l(‘av(*s. 

It has betui stat.(‘d on numerous occasions that normal carbohydrate 
formation is clos(4y associated with tin*. pr(*s<uic(* of amph* (pian tities 
of potassium (.9, <S\ J). Whih* the quantity of available soil potassium 
in plot 1 may hav(* been suffici<Mit. to meet th(‘ m*eds of the plants 
during thi'ir early piu’iod of growth, it appai*ently was not sufficient to 
meet th(*ir demands during the latter stages of growth, as may bo 
noted in tin* very low conci'utration of carbohydrates in the mature 
yffants. 

Tile results pres(‘nted for the 1938 crop in table 3 ari' of particular 
int(‘r('st. The sanijiles from practically all jffots show(*d a larger quan- 
tity of redu(‘ing mat(*rials in the lower than in the higher leaves. 
For thos(* plots r(*c(*iving sufficient potash tins difference was less 
pronounced. 

It is (juite apparent that the reducing materials of the leaf are more 
or less associated with its quality. A comparison of the (*omposition 
of th(' two grach's of tobacco obtained from the 1939 crop, as given in 
table 3, is striking. In all cases, the n^ducing materials of the bottom 
and top heaves of tin* scrap quality was low, while that of the middle 
leaves was sonu'what higluT. It may be noted that wdiile the bottom 
leav(‘s of samples from plot 4 had approximately llie same nitrogen/ 
potassium ratio, tin* reducing mat(*rials of the scrap quality were less 
than half that of tin* best (juality tobacco. 

Harvesting of bright leaf toba(*co is accomplish(‘d by the removal of 
two or three ieav(*s at a time as they become ^‘ripe,” starting at the 
bottom and progrt'ssing upward. This procedure is called ^^priming’’ 
and in a normal season five or more primings are taken from each 
plant. It is obvious, therefore, that wcatluT conditions prior to a 
priming may influence the composition of the leaves. The moisture 
cont ent of the soil has a great deal to do with the absorption of mineral 
nutrients by plants and in this connection it- should be renumbered 
that above-normal rainfall was experienc(*d in 1938 while rainfall was 
below normal in 1939. 
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SUMMARY AND CONCLUSIONS 

Samples of bright leaf cigarette tobacco wore obtained from each of 
eight experimental plots where potash was the only variable in tlie 
individual fertilizer treatments, ranging from none to 300 pounds per 
acre. Samples were taken from both the 1938 and 1939 crops and 
divided into three groups according to their position on the stalk, as 
bottom, middle, and top leaves. Only the best quality samples of the 
1938 crop w(Tc analyzed, but in 1939 analyses were made of both scrap 
and best quality. From the results obtained it may be concluded: 

(1) When the quantity of potassium available to the plants is low, 
a greater concentration of this element occurs in the upper leaves, and 
the content of reducing materials, including glucose, is quite low in 
all the leaves. 

(2) Wlien the quantity of potash at the disposal of the plants is 
satisfactory, there is a more or less uniform concentration of this 
element in th('. bottom, middle, and top leaves and the production of 
reducing mat('rials attains a maximum. During the season of 1938 
these conditions prevailed where potash was applied at the rat(‘- of 90 
pounds per acre. 

(3) Extrenudy large applications of potash give rise to an increased 
absorption of this element, with a larger accumulation in tlu' bottom 
leaves. Under the conditions of these experiments, such applications 
of potash, improperly balanced in respect to other nutrient materials, 
failed to show any further favorable influence on tlu^ production of 
reducing materials than that observed in plants rec(‘iving ad(‘quato 
potash fertilization. 

(4) Under tlu^ conditions of these experiments, a nitrogen/potassium 
ratio of from 0.8 to 1.1 appears to b(' highly d(‘sirab]e. Leaves of 
tobacco plants grown under these varunl conditions showed a nitrogen/ 
potassium ratio ranging from 0.5 to 3.9. NeitluT extreme was found 
to be associated with good quality. 

Desirable nitrogen/potassium ratios were obtained in 1938 from 
applications of from 60 to 120 pounds of potash, while desirable 
nitrogen/potassium ratios were obtained in 1939 from 60 to 90 pounds 
of potash applied on the basis of 1 acre, which may b(' attribut(‘d in 
large measure to seasonal differences. 
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USE OF SODIUM BIFLUORIDE AND SODIUM SILICOFLUO- 
RIDE IN THE DISINFECTION OF HIDES ‘ 

By C, A. Manthki, asftista?U vrininanan^ and A. Kichiiorn, director^ Animal 

Jhsmse Station^ Bureau of Animal Ijidustryt United States Department of 

Agriculture 

INTRODUCTION 

The ini])ortati<)n of hides and skins presents n hazard to the live- 
stock industry of the ITiiited States because of tlie ])ossible introduc- 
tion of various disease g(‘rnis or viruses tliat may adhere to or be in- 
corporated in these materials. Such mah(dies as foot-and -month 
disease, rinderpest, and anthrax (‘an be spread in this manner. Fed- 
eral regulations covering the disinfection of hides and skins imported 
from countries in which such communicable dis(uises are known to 
exist, therefore, are rigidly enforced. 

Research has l)een continuous in an effort to find some ch(unical 
substaiKT or compound that would be ('flective in rendering all in- 
fected hides and skins safe for importation, wdUiout injuring them 
for tanning ])urpos(‘-s. Various chemical substance's have been found 
to be efh'ctive germicides or virucich's when used with only the etio- 
logical agents of various dis('ases, but in the presence of animal tissue 
the disirdectants in many instan(*es have Ix’sen ineffcct’ve. This condi- 
tion is due to the inability of some disinfectants to penetrate the tissues 
or to th(^ formation of an insoluble substance by the combination of the 
(‘lu'mical with the tissue yiroteins. Another (xpially important factor 
in hide disinfection is the effect of the disinfectants on the tanning 
propcu’ties of the hides. Some disinfectants have becui found to be 
eflVctive in destroying the contaminating germs or virusc^s, but they 
damaged the hides. 

RKVIEW OF LITERATURE 

Most of the early work on hide disiniVetion was coruuHded with 
anthrax. P^xtensive research was necessary to find methods of disin- 
fection that would destroy both the anthrax bacilli and the spores. 
Th(» most wid(dy accepted methods were those n'commended by 
Seymour-doru's (//)- and vScliattenfroh {/t». Work was done by 
Ponder (9), Smyth {12), Tilhw {IS), and O’Flaherty and Doherty (7) 
to determine the efficiency of these methods. 

The prevention of foot-and-mouth disease in the United Statexs is 
extremely important because of the enormous loss(*s to livestock owners 
and the cost to the State and Federal (Jovernments caused by the 
drastic methods of eradication. Much work has be(Mi doiie by various 
investigators tcmuird the control of foot-and-mouth disease. The 
British Foot-and-Mouth Disease Researcdi Committee of the Ministry 
of Agriculture and Fisheries, in its first {2), second {S), third (d), 
fourth (f5), and fifth {6) progress reports, and the United States Foot- 
and-Mouth Disease Commission {8) found that agents which coagulate 
protein are ineffective against the virus in the presence of exudate or 
tissue. As a result, vfirious noncoagulating protein (diemicals wen', 
('mployed and found to bo virucidal when used in the })ro])er dilution. 

1 IleccivedTior publication January 18, 1941 

2 Numbers in parentheses refer to Literature Cited, p. 47. 
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Amoii^ the chemicals mentioned are sodium hydroxide, sodium bisid- 
fate, sodium bisulfite, antiformin, sulfoliquid, and formalin. Results 
obtained by Trautwein and Reppin 04)) as well as Winkel 
showed that 1 percent of sodium hydroxide killed the virus readily, 
arid tlie latter worker (ised 0.1 to 2 percent of sulfuric acid with equal 
eftectiveness. In the 1928 outbreak of foot-and-mouth disease in 
Ba varia, (xermany, 1 percent of sodium hydroxide in conjunction 
with 5 percent of calcium hydroxide was successfully used to disin- 
fect premisp. Helm and Curtze 0) demonstrated that the clficiency 
of sulfoliquid and (*-austic soda was greatly increased when applied hot 
(100^ C.). 

^ In the third report of the British Foot-and -Mouth Disease Reseandi 
Committee C^), mention is made of the use of formalin in the disin- 
iection of hides heavily infected with foot-and-mouth-disease virus. 
In such hides soaked in 1 -percent formalin solution for 48 liours, 
the virus was destroyed hut the formalin had a detrimental eflect on 
the hides. In the fourth report of that Committee (f))y the state- 
ment is made that when infected hides were soaked in sodium bisulfate 
■solution (1 to 10,000) for 5 hours or sodium bifluoride (1 to 20,000) for 

hours, th(^ virus was destroyed and no damage was done to the hides 
from the standpoint of leather production. No further mention was 
made of this method of hide treatment in subsequent publications nor 
were the protocols of the ex])eriment given in that rejiort. 

I'o confiim this work, O’Flaherty and Doherty (7) used sodium 
bisulfate and sodium bifluoride in hides contaminated with the virus 
of vesicular stomatitis ratht*r than foot-and-mouth disease, in accoi’d- 
ance with the policy of tln^ Bureau of Animal Industry of th(‘ Cniti'd 
States D(‘partment of Agriculture not to (*xperiment with the virus of 
foot-and-mouth disc^ase in the Ihiited States. This has been a long- 
establislu'd policy because of danger to the livestock industry of the 
presence of foot-and-mouth disease virus in tli(‘ country ('ven for 
experimental purposes. These autliors found that sodium bifluoride, 
in a solution of 1 to 10,000, 'destroyed the virus in 24 hours, whiTcas 
sodium bisulfate, in a vsolution of i to 400, failed to kill in 24 hours. 
No undesirable influence on the skin and subsequent leather was 
noticed by sev(‘ra] tanneries that used the sodium bifiuorich' process 
of treatment. 

PURPOSE AND EXPERIMENTAL. PROCEDURE 

To test the virucidal action of sodium bifluorido and sodium sili- 
cofluoriih^ on hides impregnated with the virus of vesicular stomatitis, 
experinnmts were conducted in 1939 at the United States Department 
of Agriculture Animal Disease Station, Beltsville, Md. Virus of vesicu- 
lar stomatitis was used because of its similarity to the virus of foot- 
and-mouth disease. Tlie use of sodium bifluoride wm suggested by 
the report of the l^ritish P'oot-and-Mouth Disease Ri^search Commit- 
tee showing its value in destroying the virus of foot-and-mouth disease. 
Sodium silicofluoride was tested because it had been report(»d to be 
the most efficient of the fltiorine compounds for curing or preserving 
hides.'^ 

The vesicular virucidal virus was of the New Jersey type and was 
obtained from artificially infected cattle and horses. The h'sions 
from the ses animals wcr(‘ dried, sealed in vacuo, and held at 4° C, 

^ T(‘st made al th<* siigKestion of (’ K Scnsemaii, IndiLstrlal Farm Products Kosearch Division, Bureau of 
Agricultural Chemistry and Engineering, IJ. S. Department of Agriculture. 
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This dried virus was inoculated on scarifi(»d niotatarsal pads of f^uirioa 
pigs. Only fn^shly harvostcnl virus from guinea pigs with higli tem- 
peratures at 24 to 28 hours and good Itisions at 48 hours after inocula- 
tion was used in the (experiments. The use of a virus aft(u- only a 
single passage through guin<e>a pigs eliminated as much as possible 
any <*hanges in virulence or structure of the virus that- might 0 (‘(*ur 
from continued passage in laboratory animals or live-tissue cultune. 

The tests in(*lud(Ml two methods of determining the virucidal action 
of the disinh^ctauts: Use of (1) infected guinea ])ig pads placed with 
calfskin in the various soaks, and (2) calfskin artifi(‘ially impiTgnatjMl 
with the virus and pla(‘(‘d in tlu' various soaks. In eacli method, soak 
solutions wer(‘ pivpan'd of sodium hifhioride and sodium silicofluorid(‘. 
Unt reat(‘d tap water from a W(‘ll was used as a control. Tin* t("sts w ere 
repiait-ed twi(‘(' and ichaitical ivsults wutc obtaimal unless otluTwise 
statf'd. Th(‘ (‘Utin' (wpea’inumt wuis carri(Ml out at room t(*mperatjire 
(20° to 24° C\). 

In the first method, sodium bifluorich'. and sodium silicofhioride 
W(UT dissolvcnl in lap waitcT in dilutions of 1 to 5,000, I lo 10,000, and 
1 to 20,000. 1^h(' three dilutions for (au'h of the two cln'micals w/‘re 

f)lac(‘d in haj‘d rubber vats, wdiich were used instead of glass jars to 
(‘liininate any iiossibility of clnunical reaction between the lluorine 
and tht‘ (‘lenmuts in glass. During the soaking periods, the vats W'U-e 
cov(4'(‘d to prev(‘nt tin* admittance of light, thus eliminating any 
p<.)ssible harmful etF(‘(‘t on the virus, ilydrogem-ion debuTuinations 
w^‘r(‘ made on each dilution before soaking and after 24 and 48 hours 
of soaking. lnf(M*t(*(l metatarsal ])a(ls from 0 guiiwa pigs and 10 
piece's weighing 50 gm. each of salt-curi'd calfskin were ])laced in 2,500 
gm. of each dilution of lest solution and lu'ld at room temperature for 
24- and 48-hour periods. At the emd of (uudi holding period, half of 
the guinea ])ig pads w ei'e* nmiove'd from each dilution of test solution, 
wurslu'd in 0.85-f)erc('nt saline solution, and ground in a st('rile mortar. 
Th(*n an 0.85-p('rc(Uit saline solution wuis add('(l in suffieuent quantity 
to make a lO-perctuit suspension. These suspensions were shaken 
thoroughly and then allowu'd to settle. The supernatant Iluid from 
(‘ach suspemsion was inoculat(*d on scanfi(‘d metatarsal pads of guiru'a 
pigs; all ])ads were covered with sterih' gauze for 24 hours. Tcmi- 
ixuatures were' takc'ii on the guinea, pigs at 24 to 28 hours after inocu- 
lation, and the im't a tarsal pads M’VVo, ('xamined for lesions after 48 
hours. Tlu'se guinea pigs were savc'd for 13 to 21 days and tlnui 
reinoculated with fn'sh virus to (hdermine whethcT any immunity had 
b('en acciuired as wu'll as to eliminate the ])ossibility of false clinical 
manih'stations that may have been causc'd by the b^st- solutions. In 
addition to the controlc'X peri merits involving the placing of alb'cted 
guinea pig pads in lap whaler, control experiments were also cari'ied 
out wnth normal guinea pigs to determine the virulence of tlu^ virus 
used in all the soak solutions as wxdl as that used to test the animals 
for immunity. 

In the second method, conditions wwe the same as in the first 
except that 1 gm. of infected pads from guinea pigs was ground in a 
mortar wdth 5 c(^ of 0.85-percent saline solution, and 0.25 cc. of this 
suspension of virus was then injected intradermic-ally into ciiHUilar 
pieces of calfskin, each 1 inch in diameter and weighing approximately 
1 grn. Six inoculated pieces were placed between 50-gm. pieces of 
calfskin in each of the dilutions of sodium bifiuoride and sodium sili- 
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cofluorido. The proportion of the 50-^ni. pieces of skin to soak solu- 
tion was I to 5 by weight as in the first method. Half of the impreg- 
nated circular [)ieces of calfskin were removed from the test solutions 
at 24 hours and the remaining half at 4S liours. In each instance 
they were waslied in ().S5-percent saline solution, cut into very small 
pieces with sterile scissors, placed in a mortar, and ground to a pulpy 
consistency. This material was inocnilated on guinea pig pads, the 
remainder of tlie ])roce(lure being the same as described in the first 
method. The purpose of this type of experiment- was to determine 
the i)enetrating ability of the soak solution and to duplicate naturally 
infected skins as nearly as possible. 

RESULTS 

Tlu* rc'sults obtaiiKMl by the first method are shown in table 1. The 
sodium Influoride, in the three dilutions used, destroyed the virus of 
vesicular stomatitis in the guinea pig pads after 24 hours of soaking. 
wSodiuni silicolluoride, in dilutions of 1 to 10,000 and I to 5,000, de- 
stroyed the virus in 24 hours. The 1 to 20,000 dilution killed the 
virus only after 4S hours of soaking. The virus was still viabh' after 
4(S hours of soaking in tap water at room tem|)erature. Kesults with 
the nonnal control guinea. ])igs demonstrated the virulence of the 
virus used in all the soak solutions as well as that used to test guinea. 
[)igs for immunity. 

T.milk Ejfrct ol sodtutn hifluoruie and aodtuw sdicojluondf on vintn of vrsfculof 
afomatditi in guinea pig pad'^, in the presence of salf-cu/ed ealfs/c/ns, 1f)S0 


DisinfcctHiit 
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ScMlnini hiflu(»nd« ^ . 


Sodium sdirofliio- 
ndo 1 


Th|) waU'r (con- 
trols) ♦ . 


None (normal con- 
trols). -- 
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1 Key. o, none, a, slipht (swelling and tenderne.ss); l>, moderate (swelling and tenderness t»1uh a few small 
vesicles along the hair line); c, good (pad loo.sened, tonderne.s.s plus Incomplete vesicle formation around 
and under entire pad); d, severe (pad loosened, complete vesicle formation under and around pad and 
sloughing) 

*FrevSh virus of vesicular stomatitis from guinea pig pads was used, date of inoculation in all iiistamwis, 
Oct. 28,1939 

*12 affected guinea pig pads used in each dilution of the soak solution. 

* 12 affected guinea pig pads used. 
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The results olitainc'd by the so<‘oii(l inethud are shown jjj table 2. 
With sodium bifhioride, in dilutions of 1 to ](),0()0 and 1 t-o OjOOO, the 
virus was destroyed after 24 hours of soaking. In the 1 to 20, ()()() 
dilution, the virus w'as dt'sti-oyed in 50 percent of the cases in 24 hours, 
but the destruction of virus was complete only after 48 hours of 
soaking. 

With sodium silicofiuoride, 1 to H), 000 and lower dilutiojis destroyc'd 
the virus in 24 houis, wlu'icas the ] to 20,000 dilutioji completely 
destroyed tlie virus in only 50 ])ercent of the cases after 48 hours of 
soaking. 

2. oj aodium hijl noi idr and tntdtnm mhco flnoi idc on virtts of' iu sicitlat 

fitomatitia tnoculahd itdo salt-cnicd calfskins, liidU 
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1 Key o, none, a, slmht (suelliim and tenderLess). )>, nuxleiiue (svtelhim and leudeniess phis a few small 
vesieles along the liair line), c, gooti (pad loosened, tendeinehs phis incomplete vesicle foimution around and 
under entire pad) ; d, severe (patl loosened, eoiiiplete vesiele formation under iind around pad and .sloughing) 

^ Fresh virus of vesicular stomatitis from guinea pig itads was used, tlale of inoculuta n in all mstunces, 


uei/ cji, 1W.JW. 

'(> J-gra. pieces of calfskin, eacli injected with 0.25 ee. 
dilution of soak solution. 

^ G 1-gm. pieces of calfskin, each injected with 0.25 cc. 


of affect etl guim*a-i>ig-pad emulsion, used in esich 
of affected guinea-pig-pj^'l emulsion, used. 
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Tlio virus was still viable after 48 hours of soaking in tap watcu*. 
Similar results wen^. obtained with the control guinea pigs as in the 
first method. 

The hydrogen-ion concentration of tap wat(U‘ and tfie various solu- 
tions is shown in tabl(» 3. All the soaks tended to be less acid with 
inertmse in length of time, but none of the solutions reached alkalinity. 
However, the virucidal action of these solutions was not comparable 
with the degree of acidity as sodium silico fluoride in the comparative 
dilutions had in almost every instance a higher acidity than sodium 
bifluoride, whereas sodium bifluoride, in the virulence leasts, was the 
mor(‘ virucidal. 

3’able 3 — Aveiage hijih ogen-ion concentration of the aoak solutions at various periods 

in all experiments 
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DISCUSSION 

liesults obtained from the studies indicate that both sodium bi- 
fluoride and sodium silicofluoride are virucidal to the virus of vesicular 
stomatitis. Sodium bifluoride, in a dilution of 1 to 20,000, was 
slightly more effective than sodium silicolluoride imdcT like conditions. 

A longer time was rec^uired for the higheu* dilutions of the disin- 
fectants to kill the virus injected intraderm ically in hides than to kill 
the virus in the guinea pig pads. This fact was due, no doubt, to thi‘- 
(Wtra time rc^iuired by the disinfectants to pcuietrate the skin before 
coming in contact with the virus. After the skins had beem in the 
various soak solutions for 24 to 48 hours, a greater thickne^ss was 
noted in the skins soaked in the two disinfectant solutions than in 
those soaked in tap water. 

It appears that the sodium chloride in the cured skins liad little 
influence on the effectiveness of sodium bifluoridc or sodium silico- 
fluoride, as its ])rcsence on the skins in tap water failed to alTect the 
virulence of the virus. 

The importance of sodium bifluoride and sodium silicofluoride for 
use in hide and skin disinfection depends on their effectiveness against 
foot-and-mouth disease virus. The present experiments showed that 
these disinfectants destroyed vesicular stomatitis virus after 24 hours 
of soaking in dilutions of 1 to 10,000. The British Koot-and-Mouth 
Diseawse Research ("ommittee in its fourth report (5) states that a 
dilution of 1 to 20,000 of sodium bifluoride killed foot-and-mouth 
disease virus in 2 hours, and O’Flaherty and Doherty (7) found that 
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a dilution of J to 1 (),()()() of sodiiiin bifluoride destroyed vesieulnr 
stomatitis virus after 24 hours. 

Frorri these data it may lx*, assumed that tlx* use* of either sodium 
bifluoride or sodium silieofluoride, in a solution of 1 to 10, ()()() for 24 
hours at room temperature*, would be effective in the disinfection of 
hides or skins infected with foot-and-mouth disease vvlien the. ratio 
of hide or skin to soak solution, is I to 5 by weight. 

SUMMARY AND CONCLUSION 

The efficiency of sodium biffuoride and sodium sllicolluoride as hide 
disinfectants was studi(*d, the virus of vesicular stomatitis being used 
as the contaminant. This work was c,arried on at the United States 
Dej)artment of Agri(*ulture Animal Disease Station, Beltsville, Aid., 
in Um. 

Two metliods of approach WTre used: (1) Infected guinea-pig 
pads soaked for 24 and 48 hours in solutions of 1 to 5,000, I to 10,000, 
ami J to 20,000 of the two fluorine compounds, in the presence of salt- 
cured calfskins; (2) s(*ctions of salt-cured calfskin hiject.ed intra- 
derini(‘ally with \(*sicular stomatitis virus in the aforementioned soak 
solutions. In both types of experiments, tap water was used as a, 
control. The. jiroportion of salt-cured skin to the (juantity of soak 
solution in all experiments was I to 5 by weight. All experiments 
vvi'ie (‘.onducted at room temperature. 

The residts were us follows: 

In the first exi)(‘riment, sodium biffuoride killed the virus in guinea- 
pig pads in all three dilutions in 24 hours. vSodiuin silieofluoride 
killed the virus in dilutions of 1 to 5,000 and 1 to 10,000 in 24 hours 
and 111 all dilutions in 48 hours. 

Jn the second exjx'rinient, sodium biffuoride kilkal the virus in 
artificially inoculati'd calfskins in dilutions of I to 5,000 and 1 to 
10,000 in 24 hours and in all dilutions in 48 hours. Sodium silico- 
iluoride killed the virus in dilutions of 1 to 5,000 and 1 to 10,000 in 
24 hours but was not completely effective in the dilution of 1 to 20,000 
in 48 lioiirs. 

Ta]J water did not affect the virus in either guinea-pig pads or calf- 
skins after 24 or 48 liours of soaking. 

The hydrogen-ion concentration of the various soak solutions was 
iletermined at the beginning and after 24 and 48 hours of soaking. 
Sodium silieofluoride, at eijual dilutions, liad a higher hydrogen-ion 
concentration than sodium bifluoride, both decr(*asiiig with length 
of time. However, a high hydrogen-ion comxmtration does not 
necessarily indicate greater virucidal powers. The hydrogen-ion 
concentration of tap water also decreased with length of time. 

By analogy with similar research by the British h^)ot-and-Mouth 
Disease Research (Nmimittee, it is a logical assumption that sodium 
l)ifliJorlde and sodium silieofluoride are also elfective in d(*stroying 
the virus of foot-and-mouth disease. 
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THE EFFECT OF FERTILIZATION AND CULTURAL PRAC- 
TICES ON THE OIL AND AMMONIA CONTENT OF 
COTTONSEED GROWN ON YAZOO-MISSISSIPPI DELTA 
SOILS' 

Hv Marvin (iiKiiKii,- AqiicuUural P^xpcrimcnl Station 

INTRODUCTION 

cotton-oil inills oi tlic Y}izoo-AIivSsissij3])i l)(‘l(a usually pay a 
[)rcinjuni on cottonsiaal ^novvii in that area. Since this is one. of th(‘ 
workrs greatest cotton pro(luciji<»: anais, it hec.onies a question of 
c()nsi(leral)le iinportanci^ to both the producer and processor to know 
wliat. factors are responsible for this quality product so that 
use may b(‘ mad(‘ of this af)par(‘nt Jiatural advantage in the hijj^lily 
competitive field of cotton production. 

Th(‘ market valu(‘ of cottons(a*d is d(*1(‘rmined by the pc'rc.enta^es of 
oil, nuad, hulls, and lint(*rs which tin*, setals contain. Pound for pound, 
the oil is ih(‘ most valuable' constitiu'ut of tlu' seed, l)ui. since the^ per- 
(•(‘nta^re' of ni(*al is roughly three tinu'S that of th(‘ oil, the nu'al reprc'- 
sc*nts the higher total moiu'y value p(T acre, (jarner et al.^ have 
shown that cottonse'cd produceal on dillenmi type's of soil may differ 
somc'what in its conte*nt of oil and ammonia. ( Vu tain oil-mill records ^ 
indicate that cottonse‘e*el produced on the* alluvial se)ils of the Yuzoo- 
.Mississippi Delta, whi(*h are anion^ the most productive soils in the 
(k)tton Belt, may contain a, higher ])ercenta^(' e)f both oil and ammonia 
tlian cottonse‘(‘d ])roeluced in the upland or h'ss fertile parts of 
Mississippi. 

(hdtural practice's in cotton production are* n</t uniform, eve'ii in the* 
same section, and any relationship tJiat. mij^ht lx* e'stablisluid betwe'en 
soil fe'.rtility and the composition of cottonsee'd would not have its 
widest af)plication without a knowh'd^^e of the etIVet, if any, ])roduc(*d 
by different cultural ])racticcs. (ledermine to what e'Xtent tlu'se* 
variations in cultural nu'tliods mi^ht affe'ed the oil and ammonia 
conte'Ut of tlu' cottonseed, a study of the effe'(*t of the (‘ultural pactice's 
most commonly followe'd in the Yazoo-Mississijipi De'Ita was included 
in this investigation. 


METHODS AND MATERIALS 

vSamph'S of cottouseeal were collect ('d from tjo-acre* fiedd ])lots, 
n'plicated five to nine time's, at the Delta Branch Kx])e*rime'nt Station, 
Stonevilh', Miss., and analyze'd for oil, ammemia, anel me)istur(; content 
in accordance with the rne'thods of the National C\)ttonsee‘d Products 
Association. The data aie rci)ortcd on a. lO-jx'rce'.nt moisture' basis. 
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The plots from wlii(’h the samples were taken had received annually 
uniform treatments for a period of 10 years prior to the first samplin^^ 
The sampling* was made annually from 1933 to 1937, inclusive. 

Th(i fertility treatnuuits or cultural pra(*.tic.es may be grouped as 
follows: (1) romiiK'rcial fertilizers, which supplic'd nitrogen from 
different source's and at different rates, phosjdiorus from superphos- 
phate, and potassium from sulfate of potash at the rate of 45 pounds 
PnOs and 37 Vj pounds K^X) per ac.HN respectively; (2) green manim's, 
which included hairy vedHi, Austrian winter peais, sweetclover, bur- 
clover, and rye; and (3) cultural practices, which included (a) Varia- 
tions in methods of sc'edbed preparation consisting of no plowing, 
bedding in fall, bedding in spring, and bedding in fall and rebedding in 
spring, all followed by uniform cultivation; (b) uniform seedbed prep- 
aration, followed by weekly cultivations for ('ach depth, wdiich included 
hoeing only, harrowing, cultivating 3, 0, and 6 inches deep follow(‘d by 
3 inches deep; and ((‘) variations in spacing of plants within the hills, 
the number of plants per hill ranging from two to seven with a uniform 
distance of 10 by 40 inclu's betwu'cn hills. 

EXPERIMENTAL RESULTS 

C'OMMEUCUAL FERTILIZERS 
Nitrocjen 

The data in table 1 show the effect which 30 pounds of nitrogiui 
])er acre ajiplied in tlie form of various (*ommercial nitrogenous 
fertilizers had on the oil and ammonia content of cottonseed growui on 
Sarpy loam soil. Tlu'n' seems to have* Ix'i'n no effeed on th(‘ oil 
content of the* cottonse'cd regardless of the source of nitrogen, f)ut tin* 
ammonia content wuis increased considerably by nitrogi*n from all of 
th(‘ diffeuent sound's, though least by that from organic sources. 

1'mu.e 1. Effect of rutrogen front different sources on the yield and on the oil and 
atn'tnonia content * of cottonseed grotim on Sarpy loam 


Source of iiitrogeii (30 pounds per acre) 

Yield of I 
cottonseed 

Oil content ! 

\mmoiiia 

content 

1 


pel acre j 

1 


1 

Poiinda 1 

I*frcenf 

l*trcenf 

No nitrogen. 

Sodium nitrate 

(Wt. 1 

20 SHrtO 10 i 

1 3 4I±0 03 

980 1 

20 19rL 25 1 

! 3 71i: 07 

Ammonium nitrate. _ . 

935 I 

20 37i . 20 1 

i 3 &)± 09 

\miTionium sulfate. . 

910 i 

21.05± 18 I 

1 3 tVidi. 07 

ryanainid 

914 ! 

20 ItftJr 19 

1 3. tl2rL . Of* 

Cottonseed meal . 

975 ! 

20 51J: 15 1 

i 3 53i . 13 


« standard error is used to indicate the degree of significance. 


Table 2 gives the data on the performance of nitrogen from two 
sources, sodium nitrate and cyanamid, applied at rates ranging from 
to 45 pounds of nitrogen per acre at 7K-pound intervals. Nitrate 
of soda is immediately soluble, but cyanamid lias to undergo certain 
chemical changes in the soil before the nitrogen is available to the 
plants. How^ever, the general trend in the behavior of the two typ(»s 
of nitrogen carriers at the different rates of application was essentially 
the same. At the higher rates the oil percentages were lower for 
both sources, but the yield of oil per acre was greater since with the 
higher rates of fertilization a greater quantity of cottonseed was 
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pro(luc(Hl j)(‘.r iwv(\ The percentaj 2 :(^ of ammonia in the cottonseed 
iiKU’easod with the liijjjher rates of application of nitrogen. vSince the 
liigher raters of nitrogen produced more pounds of cottonseed per 
ac.r(', the higluM- raters likewise' incrc'ased the total amount of ammonia 
to a considerable extent. While some of the increase in percentage 
of ammojiia and the d(HTease in p(U‘centage of oil at the lower rates of 
nitrog(‘n are not statistically sigjnflcant, a trend is exhibited in both 
(uises. 


Tahlk 2 I''J[r<‘Cf of applying ai (jiffrrorit rates nitrogen derived from sodium nitrate 
and cijanamid on the yield and on the oil and ammonia content ’ of cottonseed 
grown on Sarpy loam 


\ ilroticii 

prr lU'H' 
(pounds) 


(* 



I.' 


j 

ir> 


Kosults w iMi sodium mlnilo 


Rosiilts ^Mth cytirmniii! 


Yield of 
cottonseed i 

per ncri' 1 


' l*oinnis I 
r)7<.i 
dV) ' 
721 ; 
sot ' 
Sh7 I 

Old 
0h7 , 


Oil c(mtoiit 


Percent 
20 H7 t-O lA 
20 M± 10 I 
20 r>Hi 10 I 
20 AS 1 Ml 
20 12 ^ 21 
10 SO 1 2K I 
10 HIJ m 1 


Ammonia 

content 


Percent | 
.1 44-fcO 14 

.1 l.lri- 0.1 I 

*1 5:1-1 0:1 ; 

.1 03 f 05 1 
:i 71-fc 01 
:i 7S-lr 05 ' 
3 83+- 05 ; 


Yield of 
coltorise(‘d 
per aer(‘ 


Pmnds 

1,0:10 

1.052 
l.OW. 
l.OOl) 
1. 112 
1, 113 
1, 1.50 


Oil eontent 


Percent 
19 48 -bO 20 
10 47± . 15 
10 rA± 14 
10 44+ 12 

1020fc 13 

10 1 : 1 + 12 
10 01+ 12 


Aininonm 

conUmt 


Percent 

3 97+ 0 00 

4 00+ 03 

3 05+ , 00 

4 00+ .02 
4 07+ 02 
4 24+ .08 
4 11+ 00 


I See footnote 1, lulilc ( 


'rxHTiE It I^'ffeci of phosphoi US and potassium, when nitrogen was supplied by 
sodium nit tale and cyanannd, on the yield and on the oil and ammonia content > 
u/ cottonsent grown on Sarpy loam 


'J'reatment 


None 

IMmsphorus 

rhostilionis and ])ota.s 
sniirH 
Cotassium ^ 


Results well soditiiii mtiate (. 10 pounds i Results with c>aimmid (.10 pounds of 
of nilropen per .uie) j nitrogen per acre) 


^ leld ol ! 

eottoruseeil | Oil eontent 
per acre | 


Ammoiim 

content 


I Yield of ! 

1 cottonseed [ Oil eontent 
I per acr(‘ 


-I 


/'•OKtn/.s I 
1.028 1 
1,002 I 

1,0.50 I 
1,0.50 


J*ercrnt 
10 47+0 30 
19 70.+ 14 


20 10 + 
19 70+ 


Percent 
3 92+0 05 
3 00+ (H> 

3 04+ 07 
3 92+ 01 


Ponmh 

Olhl 

9.15 


mi 

98 ;i 


Percent 
19 40+0 IS 
19 20+ M 


10 00+: 
19 33+ 


Ammonia 

content 


Pecent 
4 17+0 0.5 
4 21+ 02 

4 M± .03 
4 09+ 07 


' See lootnote 1 , talde 1 


2 45 pounds per acie of Pzt >s 


3 37 }'.* pounds per acre of K2O, 


PHosrnoHXhs and Pota.s.sium 


Table 8 shows the Jesuits from adding phosphorus and potassium 
with applicatiojis of sodium nitrate and cyanamid to inakc mixed 
fei’tilizers carrying 45 poxmds of PaOj, 37 Js pounds of KaO, and 30 
jjounds of nitrogen per acre. Tlie ammonia content of the seed was 
not appreeiahly affected in any case. It will be observed also that 
when phosphorus or potassium was usjmI cither alone or in combination, 
the effect on the oil content of the cottonseed was not statistically 
significant. These results are in agreement with those of Garner, 
Allard, and Foubert,® who reported that niti-ogen affects the oil and 
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ammonia contciit of cottonaoed but that phosphojus and potassium 
do not. They «re not, however, in full agreement with the results 
of O^Kelly, Hull, and Gieger,*^ who found that the fertilization of 
cotton with potash raised tlie oil content but lowered the protein 
content of the se^ed. This diffennee in results may ho. due in part at 
least to a difference in the natural supply of ])otash in the soils used 
in the two investigations. The work of O^Kelly et al. was carried out 
on soils so deficient in phosphorus and potassium that cotton responded 
well to phosphates and potash fertilization, whereas the pre'sent. work 
was conducted on a soil that ordinarily has not given ece)n()mical 
increases in ce)tton yiedd from either phosphate or potash fertilization. 
It is known that a soil ('xtreuncly deficient in an elerne'iit will giv(‘ a 
greater response in yield to applications of that elemeMit than will 
soils only moderatedy deficie»nt in it. 

GREEN MANUilES 

The availability of the nutrients supplied in green iiianures and 
tlie effect of organic matter on soil moisture are* two facdors that may 
cause th(‘ plant nutric'uts supplied tlirough commercial fertilizeMS and 
greem manure's to affect the oil and ammonia (‘onteuit of tlie e^ottonseunl 
(lifferenitly. To iv(lue‘e this source of variability, a nurnlx'r of greexi 
manure crops were includeHl in the te^st, namedy, hairy vedch, .\ustrian 
winter pexis, sweetclover, bur-clover, and rv(‘. Table* 4 give*s the elala 
em the* edfect of turning under grern maniuvs on the e>il and ammemia 
contemt of cottonseed. Since some of the* crops maele* meire greiwih 
than others, different cjuantitieis of nitroge*n werei turnexl unele‘r in 
the diffe*rent h'gumes, a e'onditiem wdiich is be'vond enmtre)! in lie‘lel 
('xperinmntation. The lesults with the* le‘giime*s are similar tei those 
obtaiimel with the commercial source*s of nitroge*n, that is, I he eiil 
perce'Titage was de»creased and the ammonia pe*rcentage ine‘re‘ase‘el by 
the aeldition of nitrogenous manure. The lesiilts witli rye*, which is 
a nonle*gumine)us crop, eliffe're'd from those of the nitroge*noiis fertilizers 
but were* ve*ry similar to those obtain(‘d on the ne)-tre'atme*nt ])lot 

CUI.TUHAL PRACTICES 

Since the method of preparing the se(*dbed, the* fre*f|uencv and 
depth of cultivation, and the numb(»r of jilants grown pe*r hill, are 
practices that vary w ieledy, not ordy betwee*n di(fere*nt cottem-growing 
re^gions, but within a single community, an attemipt was made* to 
include a wide range of th(*se practices in the investigations. The* 
effect on yield and on oil and ammonia conte*nt of the* cottonseed 
resulting from these variations in cultural practi(H*s are* shown in 
tables 5, 0, and 7. It will be observed that none of the variations 
in seedbed preparation, cultivation, or spacing se'em to have had any 
marked effect on the oil or ammonia content of the* seed. Any out- 
standing advantage of one of these y^ractices over anoth(*r in the 
growing of cotton would have to be determined on the basis of epian- 
tity production and economics rather than on the* oil and ammonia 
content of the seed produced. 


0 O'Kelly, J. F., Hfll, W. W., and Qieger, M. effects of varying amounts of potash on oil and 

FROTEIK.AND ON THE WEIGHT AND PERCENTAGE OF COTTONSEED. MiSS. Agr. Expt. 8ta. Tccll. Bul. 20, 
8 pp., Ulus. 



July 1, llMl 


Aimlytiea of Oil and Ammonia ConteM of Cottonseed 


53 


Table 4. Effect of green manures on the yield and on the oil and ammonia content ^ 
of cottonseed grown on Sarpy Loam 


(•rooii iiinnun' us(‘(l 


Noijo 

Austrian winter peas 
Hairy 

Sw<M‘t('lo\('r 
Jl.\o . . 

I S('(' fodtiuUc 1, tublr 1 

'rABi.E T) - Effect oj vonjing the method of seidtxd preparahon on the yield and on 
the oil and ammonia content ‘ of cottonseed grown on. Sarpy loam arid on Sharky 
clay soil 


Nitropen 

supi>lit‘d 

Yield of 
cottonseed 
[ler acri' 

Oil content 

Aininonia 

content 

Pounds 

Pounds 

J^ercf id 

Percent 


712 

21 20d-J) 17 

3 43+0. 07 

75 j 

1,071 

lU 04-1: 10 1 

3 074 07 

H5 

1, 105 

! 19 35-p 10 1 

3 08 L- 00 

5« 

040 

! 19 894r 22 

! 3 48+ 07 

IH 

031 1 

i 19 .5.5+ 30 

3 ,59+ 09 


003 

I 20 43 1- 22 

3 23+ 07 


Hcssults mi Sarpj loam soil I Kosults on Sharky cla.v soil 


Metho*! of MS'dbed 


■ — f 

— 

1 

— 

- - _ 

prepaialion 

Yield of 
cottonseed 
per aeie 

Oil content j 

! 

Ammonia 

content 

Yield of 1 
cottonseed 1 
per acre ' 

Oil content j 

Ammonia 

content 


Pounds 

! 

! Pereent 

Pi ref nf ' 

Pounds 1 

Pfieinl 1 

Percf nf 

None, stalks pulled ... 

! 531 

, 19 11+0 37 

3 85rf 0 0,5 j 

57 1 ! 

19 33 4 0 23 i 

3 91+0 05 

Bedded in fall 

70S 

19 ,53.+ 33 1 

3 71 -h 0 4 1 

570 

19. 34 P 27 ! 

.1 89+ 00 

Hethli'd in sprinp 

Redded in fall and re- 

HOS 

19 t)9+ IS 

3 S3 1- 05 ' 

097 , 

1 

19 51+ It. j 

3 95+ 05 

bedded in s])ii up I 

' S71 

: 19 03 ir 15 ■ 

3 S2_L 04 1 

717 1 

19 47-i 15 ! 

3 8t)+ 05 


I 


• Si'O hiotnofo 1 , labh' 1 . 


4'\bi.e (i. Effect of varifinq the nnthod, fnquency^ and depth of cultivation on the 
yield and on the oil and ammonia continl ‘ of cottonsud grown on Sarpy loam 


Kiiul of ouHivaliori 


\oiH', hoc only 

Harrow, I inch (h'cp or less ' 

(Mow 3 inch<*s deep ' 

1)0 I 

Plow, h inches deep 

I’lovv, () iiuhes deeji (:\ limes al weekly I 
inf<‘rvals) ami plow 3 inches deep ! 
afp'rw'ards . { 


Interval of cultivation 

\ icld of ■ 
cottonseed 
per acri' 

Oil content 

Ammonia 

conlent 

AVeckly 

do 

Scmiwccklv. 

Weekly 

<lo 

pounds 

923 

941 

1.0.50 

1.039 

919 

Pfrei id 

19 43+0 27 
18 87+ 21 
18 98+ 32 1 
18 7S+ 10 

18 90 + 20 

Ptreent 

3 92i'' 05 
3 (.7 r Of. 
i 3 91+ 00 
i 3 9S+ 0.5 

3 < 0 t 03 

do 

1,003 

1 

19 284: 12 j 

3 92+ (M) 

— 


1 



1 See foolnole 1. table 1 

Table 7. Effect of numlnr of plants p<i hill on yuld and on oil and ammonia 
contend ‘ oj cottonseid grown on Sarpy loam 
[Hills spaced Ih by 40 mehesj 


Plants per hill (riuniber) 


3 

4 


0 


Yield of 

cottonseed 

per acr<‘ 


Oil eoT.tent 


[ Ainriioiiia 
j content 


Pounds 

Pi 

icent 

1 

Percent 


090 

19 

28+0 

OS 1 

3 

85d 0 

09 

098 

19 

40+ 

17 

3 

83+ 

0,5 

724 

t 10 

53+ 

14 

3 

8ti+ . 

. ()♦'. 

737 

19 

51 + 

19 

3 

85+ , 

.05 

719 

19 

41 + 

24 

3 

92+ 

04 

714 1 

19 

45+ 


3 

98+ 

09 


I Sec footnote I, tabic 1, 
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SUMMARY 

Samples of cottonseed were collected annually over a 5-ye.ar period 
from 1933 to 1937, inclusive, on plots of Sarpy lofun located at the 
Delta Branch Experiment Station, Stoneville, Miss., which had 
received for a 10-year period prior to the first sampling: the following 
treatments: (1) Commercial fertilizers, which included nitrogen, 
phosphorus, and potash; (2) green manurcis, which included hairv vcitch 
Aiistrian winter peas, sweetclovcr, bur clover, and rye; and (3) a 
variety of cultural practices, which included (o) different methods of 
seedbed preparation, namely, no plowing, bedding in the fall, bedding 
in the spring, bedding in the fall and rcbedding in tin; spring; (b) 
uniform seedbed preparation followed by different methods of culti- 
vation, which included hoeing only, harrowing only, cultivating 3 
inches deep, 6 inches d(>ep, 6 inches deep follow'cd by 3 inches dee]), 
and (c) variations in number of plants per hill with uniform spacing 
betw(‘(>n hills. 

The percentage of oil and ammonia was determined on all sarn[)les of 
cottonseed, with the following results: (1) Nitrogenous hutilizers 
decreased the percentage of oil in the seed but increased the percentage 
of ammonia; (2) phosphorus and potassium when used separately 
gave no incrcaise in oil percentage, but wlnai used tog(ith('r gave a 
slight increase, although its significance may be (juestioned; the per- 
centage of ammonia was unaffected in either case; (3) green manures, 
like commercial fertilizcirs, incr(*as(‘d the percentage' of ammonia and 
decreased the percentage of oil on the basis of their nitrogen content. 

The different methods used in preparing tin* seedbed, cultivating 
and spacing showed little if any influence on the ])ercentage of oil and 
ammonia in the. cottonseed. The (juantity of oil and ammonia ju-o- 
duced per acre was influenced somewdiat by the different cultural 
practices, but any advantage of one practice over anothei’ is bt'lter 
measured by the quantity of oil and ammonia produced on the basis of 
acre yield than by the porcentage of oil and ammonia in the eottonsc'cd. 
Nitrogen in whatc'ver form applied increased the ammonia contc'iit of 
the cottonseed. 



FURTHER STUDIES OF THE PHOTOPERIODIC BEHAVIOR 
OF SOME MINTS (LABIATAE)* 

Hv II. A. Allmid 

Sf'fuor physudogisl, Ih vision of Tobacco / nvcsligaiions^ liurcna of Plant Jndustnjy 
Vnitvd States Department of Agriculture 

INTRODUCTION 

Tb(i following pnpur is a partial r(‘j)ort of studios of some of the 
mombers of tlui liabiaiao bogun long ago, tlio rosults of whicJi, in 
part, have Ixaui ro])ort(al in a rocont pa])or.^ 

In the present pa])(‘r a. ri'port is made u])(>n a number of well-known 
eomnuTcial speei(‘s grown in lln^ Unitial States for their valuable^ 
aromatic oils. It si'eins parti<udarly dtsiratde to learn as much as 
possibh‘ of th(‘ (‘cological r(‘(pjirem(mts of tlu^se commercial species, 
some of wdiich an* rather extcaisively cultivati'd in certain regions of 
the United State's at the* pre'se'iit time. 

Since cultivation of some* of the'se mints may be c'xte'Jideel and 
proble'ins of crossing that are be'ing investigate'd reejuire* a tnne'ly 
synchronization in oreler to secure flowers and ])ollination of ceudain 
s[)ecies that do not normally have the* same', llowerijig season, the* 
fe)lle)wing data may be* of senne int(*r(‘st te) those*, engaged in such work. 

MATERIAL' AND METHODS 

The^ fe)lle)\ving sj)e*cie*s and strains we*re* us(*d in the w^ork he'rein 
re*pe)rie‘d:'^ Mottarda dklynut L , M. pmuiaia L., Miniha arvensis L., 
M. citrata Khrli., M. piperita L., M. spicata L. (il/. rirldis L.), and 
M, piperita var.' 

(dumps of e*ach of th(*se* plants we're taken from mate'rial growing in 
the* th'ld at Arlingte)!), Va., on May I , whem the* plants had just started 
to produce ne*w growth. ()i» this date good-sized cluin))S we*re trans- 
planted to large, gal\ anized-iron buckets of 14-c|uarl capacity, and 
the te'sts were* be*gun May 2, at the Arlington Experime*nt Earm, 
Arlingte)!!, Va., at, approximate*ly lat. N. anel with a maximum 
length e>f elay of 14.9 heiurs on dune 21. 

Lengths oi elay e)f 10, 12, 12V, Id, liyV, 14, 14V heiurs, full elay 
Ie*ngth, anel LS helurs Ave*re* affbrde'd the* plants. For all plants, e*xce'pt 
tliose re'ceiving IS he)urs eif illumination daily, natural daylight was 
use*el. For pli()tope*rioels of 10 to 14 V hours inclusive, the* natural 
(laylight perioel was shortene'd by me*ans of ve*ntilateel lightprenif 
house's into wdiich the plants we*re run on a rigiel schedule each day 
to e>btain the re*(piired number of hours of daily exposure. For this 
])urpose* large ventilated hemses we*re* usenl, equipjieel with tracks 
upon wdnch large men able trucks be*aring t he containers wrre mounte*d. 

> Rf(‘ 0 ivu<l lor publicutioii Mnv 'J. 10H. 

ArXAKP, U \ , un<l O ABMEK. W W FUKTIIliU ()BsLR\ 0\ TIIF RKhPoNhE OF \ AlUOT .S SPErH-.s 

OF PLANTS TO LFN*<ITn OF n V^ . C. S DcpI Apr ^Vcll Tlul 727, 01 P|>,, lllns ]^ll> I 

i Except where otherwise noted, llie jimterial lepoiled upon was kindl> supplied hv the Dlvi^on of 
Drue and Related riiints. nuieaii of Plant liKlusti.v , , 

* This unidentified \anet\ of M. injatita w'us ohtiuncd fioin \ lek ( heriiical t o , (TteeushoTo, \ t 
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Before' tlu* completion of the experiments, tlie longer daily light 
periods were terminated by the natural seasonal shortening of the days. 
After this time the' plants experienced the* normal length of day with 
its daily el(*ere*ments until the t(*sts w(*re discon tinue*d. On the basis 
of the pe*riods betwee*n actual sunrise and sunset, the* 141^-hoiir day 
was terminat-eel by the seasonal shortening on July 2J; the* 14-he>ur elay 
was te'iminateel etn August 8; the l^K-hour dHJ^ on August 21; the* 
13Jie)ur day, e)n Se*ptem[)(*r 3; the 12K~hour day, on Se'pte*mbe*r 15; 
and the^ r2-lie)ur ebjy, on vSe*ptember 27. However, be'fore* anel afte*r 
sunset th(*re is se>me' effective light that may e'xte*nd the le*ngth of elay 
]>erhaps Yz to '/4 of an henir. If this increase amounted to e)f an he)ur 
e*ae’h day, the* I4^rhe>ur day we)uld not te*rminate* until August 13, 
anel the 1 4-, 1 3 1 3-, 1 2 Yi- anel 1 2-he>ur days woulel e*xte*nd t e> August 25, 

Se*pt('mbe*r 8, Se*pt(*mhe‘i 10, ()e*tobe*r 1, and Octobe'i* 12, r(‘spe‘Ctive*ly, 
a pe*riod arneuinting to a little* more than 2 we*eks lemge*!* than wbe*n 
sunrise anel sunse't alone* are e*emside*re*d as elelimiting the e*fTective 
elaily light pe*rioel. 

The l8-he)ur expe)sur(*s re‘(juire‘d the* use e)f artificial e'le‘e*tric light 
from sunset, and the* eluration e)f this supi)le*me*ntal light was re‘gulate*el 
automatically by time e*locks and swit(‘he‘s, to aflorel an unbroken 
perie)d of illumination up te) 18 hours e*aeh elay throughout the se*a.se)n. 
As the length e)f elay naturally eleH‘line*d after June 21, wh(*n the* maxi- 
mum length of day was attaine*el, the pe*rie>d of artificial lighting was 
inerease*el to e’.ompe*p.sa1e* for the natural ele*e*re*ments freun W(*e‘k te) 
week, just as it was ele*e*rease*d be'fore* June* 21 as the* se*asonal elay 
ine*rease*d. 

The artificial supplemental light was supplied by loeir 200-vvatt 
gas-fille*el tungsten lights fitte'd with be)wl re*fle*cte)rs, e)ne* light befiiig 
plae*eel at e'ach e*orner e)f a square* met)d frame whiedi was 3 fe'e*! e)n the* 
side from e*e'nte*r to ce*nte*r e)f the lights. The lights we*re* se) airange*el 
that the*y e*e)ulel be iaise*el e)r lowe'reel, and we're* kept at a elistaneu* e)f 
1 fe)ot abe)ve the plants. The light intensity e)f the* area be*neath 
this square* at a elistane*e of 1 fe>ot amounted to abe>ut 300 te) 400 
fe)ot-candh*s, as measured by aWe'ston illumination meter, niexle*! 1740, 
e*quipped with a Vis(x>r filter de*signe*el te) me*a,sure* only visible* raelia- 
tie>n. 


EXPERIMENTAL RESULTS AND DISCUSSION 

(Ireat elifTere*.nc(*s we*re ultimate*ly reveale*d in the be*havior e)f the* 
varif)us mints te*sted, seune reunaining e‘om])h*te'ly ve*getative* anel fail- 
ing to flowe*r on the shorte*r lengths of day. There* were* alse) marke*el 
eliffer(*nce*s in the produedion of the* piostrate, e*le>ngate* type* of suj)e*r- 
fic-ial stole)ns, which se*rve» as veyy efficie*nt propagating units in the* 
natural extension of tin* colonies. 

In table* 1, the characteristic behavior of the various spe'cie's ob- 
servexl is shown. 

The two Monarda spee*i('s testexl, M, didyma (fig. 1) and A/, jnme- 
fata (fig. 2), are native American species, the fe)rim*r being known 
as Oswege> tea or Ame'rican beebalm, some forms of which arc highly 
prize'd as showy garden ornamentals. These, unlike the Mentha 
species, do not produe*e long trailing or prostrate stolons with long 
internodes and reduced h'aves. 
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Table 1. — Time of flimering and growth behavior of species of Monarda and Mentha 
in response to different constant daily light periods and full day] 
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Stolons, and these of moder- 
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Ta HI L 1 Titm of flowtrinq and giowth bfhavwr of species of Monarda and Mentha 
in ?(sporis( to diffoint constant daihf light p(nods and full day — ContimuHl 
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10 
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16 viryfivi stolons 
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11 In lull llouir Sj pt lo J shot 
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OriisinalU fiom \ ick ( iKmiial ( o (>iiins1x)io \ ( \< ii Ahnfha piperHa and txihais l\anll^ 

ol p( ppiiTiiint ( M ptptuld) 


Th(‘ two s|)(‘(i(s of 'Monatda (lablo \) l)(‘lia\ od as l>])i(nl iiult'tt i- 
niiiiato Ol (lay-noulial plants, siiuo llie time ol flowt'ini^ and tli(‘ 
in(*i(‘as(‘ in InM^ht appeal to lia\e been little aHe( ted b\ mailvtal 
(liaia^es m l(‘ngtli ot day Tli(‘i(‘ nun have bei n a teiidem v to llowin 
soni(‘wliat (‘ally on tin lonL?(‘i lij2:lit pcniods but th(‘ t(*nd(‘n(^ was 
not jnonoiinecal 



I Kitmiii 1 — Monarda didyma I ( xpost d to Minoiis da\ Irniajllife lO-Jiour diu 
HuddedjJujic 2t flov\(rfd lul\ 15 at 24 in(lus 12-hour (Ui\ \(\(i budded, 
« not 11(4®®! ^ Id-hoiii (la\ Jluddod June I") ilowdod July 5 at JS indus 
]4-hour aa\ Hiidded Juih II flowtnd Juh 1 at 2b iiiclus IS-liour da\ 
Budded Juiu* I Howeied Jul\ 2 at 28 inches l«uli day ((’j Budded .lum 
11 fiowfud Julv 5 at 2b Indus Tests lagan May 2 Photographed Inly 2") 

Sevetal spiuues oi Mentha (table J) sliow dc'eidedly long-day tenden- 
cies This IS mduated by the complete failine ot floweiing as th(‘ 
days were shortened, m the case of M ctfrafa, M joint da, and 
M sj)(cata 

In Mentha armtsis {l]^ 3) and m .A/ j)ij)e/ ita \nr (fig 4), a possible 
hybrid, the long-day lelationship is seaicely evident, since flowering 
continued down to the shoitest peiiod of 10 hour's of constant daily 
illumination. E\en heie, howevei, it is to lie noted that fioweimg, 
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in the case of M. pijniriia var., was slightly advanced by tin*, long day 
of 1 8 hours. Ill t his specic^s a marked retardation of growth took place 
with respe(*t to the (‘r(*ct branches of tin*. i)lant on the shorter day 



r’KJCitE 2 - Monarda puvrtnia I. (•\])OM‘d 1o various day lO-hour da\ 

Hudd(‘d .Iun<‘ 29, ftiwiTcd June 23 at 33 inches. 12-hoiir day: J-tudd(‘d Juin 
15, flo\v(*r(‘d July 10 at 20 inchc.N 13diour day: Jniddod June 11; flov\('n‘( 
Jun(‘ 2<S at 22^.' niches 1 t-hour da\ : Budded Juiu‘ 15; flowi'n'd July 23 a 
2S inches IS-hour day: Budded Juia* 1*1; lloweri'd Jul\ 2 at 29 inches Ful 
day (C): Budeh'd Juik* 1, tlouiTed July 5 at 33 mch(‘s T(‘sts hejian May 2 
Photographed Jul\ 25. 

lynglhs, but this ndardation was accompanied by a decoded increase 
in the formation of stolons, both as to numlxo* and hoigth. This tyfx 
of stcMii r<*pres('nts a prostrate form of stem growth, lending toward j 
more ])ur(‘ly vegedative* ('\])r(*ssion, since* thc'sc* stems are charactcTizcn 



Fioure 3 . — Mentha atvensis L. exposed to various day lengths. lO-liour day: 
Budded July 20, flowered July 29 at 24 inches. 1 2-hour day: Budded August 
2: flowered August 7 at 28 inches. 13-hour day: Budded July 20; flowered 
July 29 at 28 inches. 14-hour day: Budded July 22; flowered July 29 at 32 
inciies. 18-hour day: Budd(‘d August 7; flowered August 23 at 42 inches. 
Full day (C): Budded August 7; flo\vered August 27 at 30 inch(‘s. Tests began 
May 2. Photograph(‘d .luly 25. 

by Icuigthened internodes, greatly rcducc'd leaves, and a llowerless 
condition. The last-named tendency would indicate a marked reduc- 
tion in sexual reproductive energy, and to this degree the short days 
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W(T(' unfavoral)l(‘ (o ilio devol()])morii of largo vigorous plants and the 
formation of flowors. 

Mentha arrensis givos moro indioat ion of Ixdng an indotorminato or 
day-ruMilral typ(‘ of plant than any other specie's of this genus sliown 










tiGUKE A.— Mvnthfi pipentn var. oxpohcct to \anoiN day longth.s. Origiiiallv 
obtaiiH'd from Or ‘<‘n.st)oro, N. C’., prolmidy a \arioty of i\J , pipvntii 
10-hour da.v : Buddi^d Jul\ 29; flowort'd August 5 at 23 inclie.s. 12-hour day: 
BuddfHl July 20; flowered ,luly 30 at 27 inches. 13-hour day: Budded July 13; 
flowered July 23 at 30 inches 1 4-hour day: Budded July 13; flow(‘red .Inly 29 
at 30 inches. 18-hour day: Budded July*^ 10; flowered July 23 at 32 inches 
Pull day ((^) : Buddt'el July 9, flowen*d July 23 at 2S inch(\s. Tests lH‘gan May 2 
Photograplu'd July 20. 

in taf)le 1. This strain of il/. arrensis has giviui some' indication of 
delay in flowu'i ing in re'sponse to the longer light periods, and tlu're has 
been a rather consistcuit incnaise in height of stiun. The number of 
stolons produc(‘d has shown no particular re'Iation to length of day. 


I’lGiJRE 5." Mcrdha ntnita Lhrh. exposed to various day huigths. lO-hour day: 
Never budded. 12-hour day: Never budded. 13-hour day: Budded August 
27; flowertid »Se})ten'ber 23 at 28 inches. 14-hour dav: Budded August 23; 
flowered 8epten ber 23 at 31 inches. 18-hour dav: Ibidded Julv 29; tlowtTed 
September 3 at 34 inches. Full day (C^): Budded August 14; flowered Septem- 
ber 10 at 31 inches. Tests began May 1. Photographed July 25. 


Mentha citrata (fig. 5) is typically a long-day typo of plant, failing 
to bud or flow(‘r on dayliglit periods of 10 and 12 hours and flowering 
after great delay in response to 13 hours, 14 hours, and the full length 
of day. The longest, light period of 18 hours hastened flowering in 
advance of all others, an amount equal to 20 days over those plants 
experiencing 13 and 14 hours of light daily. 
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On tl)c short(M* l(‘rigtlis of <la.y, more os])(‘(*ia.lly tlios(‘ of 10 and 12 
Jiours, flo\v(‘rin^ was inlul)it(‘(l, i1h‘ flowiTloss stoms woro 

v(Ty l<'«fy, iJnd stolon (O'volopincnt was very vij^orous, indicating 
that the (‘n(‘r^i(‘s of <>:rowtli w(tc almost purely V(‘^('tati\(‘. 

With IS hours of li^hl daily, vc^(‘tativ(‘ (^\])r(‘ssion was n'duct'd, 
and sexual reproduction or Howerin^ Ix'caint' tin* dominant (‘xpression, 
accompanied hy w<‘ak stolon d(‘velopnuait, wliich is always a purely 
v(‘<>;(‘tativ(‘ phas('. 

Af( nfli.a (fij^;. (>), th(‘ true peppermint of comnuTce, is more 

pronouiK'ed in its lon^»day tendejici('s than 71/. cliraia, since* no buds 



F[<.( HK (>.- M(nth<t ptpctfla L (p(‘])]K*rmiiit) to \anoiJs (la\ l(Mi#?ths. 

I0-lio\ir (lii\ : bi'(i(I(‘(l 12-lH)iir (la\ : Xcver biuPled. 18-liour day: 

Xc\cr budded. 1 t-lionr (lav: lbidd<*d .bd\ Kt; lloNMTt'd July 29 at 31 iiudi(‘s 

18-lu»nr dav: Jbidded Julv 12; tlowertal .lnl> 29 at 27 iiudies Full dav (f): 

Jbidd(‘(l Jul\ 9; Ho\ver(‘d Julv 29 at 31 in(‘lj«‘s bests Ix'^au Mav 2. Photo- 

^raph(‘d Aujiust 21 

\\<‘r(* ])roduc(Hl until a length of day of 14 hours had l)(‘(‘n (*\p(‘ri(*nced. 
l'4ow(‘rin^ was entirely inhibited in tin* tt'sts involving 10, 12, and 13 
hours of li<i:ht dady, no buds l)<‘in^ forimal in i*(‘sj)ons(‘ to th(*s(‘ li^ht 
pe'i'iods. With 14 hours of li^hl, IS hours, and full day, buds and 
ilovverin|.i: occurr(*d at about the same tinn*. Even with 14 hours of 
liti:ht daily, llow(*rs w(Te barely able to devi'lop, oiu* st(‘m alone finally 
produ(*int»: a f(*\v llowtTs and all other stems remaitun^ pun4y 
v(*i]:(‘tative. 

There was a very notic(*abh‘ diffen'iice* in the* b(‘havior of the plants 
(*x|)(‘ri(‘n(*in,< 2 : full day as com])an*d with those experiencing 18 hours ol 
li^ht <‘ach day. The fornn*r had (*n(ir(*ly cc'ased llowei in^* by S(*|)t(*m- 
b(‘r 10, whenuis tin* latter were in full Howct and V(‘ry (lorif(*rous. 

Stolon formation was (‘specially vigorous on the 10- and 12-hour 
t(‘sts, wliert* flower d(*v(*lopm(mt w’as inhibit<*d, but had Ix'gun to 
decr('as(* with 13 hours of light. With IS hours of light and with lull 
day, stolon formation had readied its lowest values, both in number 
and in length. 

Meniha piperita app(*ars to be a species most favored hy the long 
days of high latitiuh's with respect to flow ering and the production oi 
(‘rect haifv steins. In the Washington region flow(*ring was rather 
bi*ief on the full length of day. 

Aiertiha npicata (A/, riridis L.) (tig. 7), producing spearmint oil, 
flowered under all huigths of day except that- of 10 hours, when no buds 
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were produced, "riiei'e appeared to he some delay iu flowering with 12 
hours of light, a r(‘S])oiise perhaps to expe^cted since', the short 
day of 10 hours had yielde^d a purely ve^getative t'.xpression. Stolons 
were very numeM’ous and tong on the shortea- l(‘ngths of day and were 
much f('W(‘T and shorte'i* as the' longer elaylight periods were e'xperi- 
emced. Spe'.armint gives stronger indications of an adaptation to the 
shenter days of lowei* latitude's than pe'ppermint (^I. piperita) has 
shown. 

The' plant de'signated Mentha, piperita var. ile)W(W.el undeM* all lengths 
of elay in the tests but witl) perhaps a slight ele'lay with 10 hours of light 
daily. On this slie>rt light period the're is evide'iice that ve*getative' e'X- 
pressie)n was ])e'ing fave)re'd, since stolon devedopnie'nt was heavie'st- anel 



Kkjukk 7. Mentha npicala 1^. (A/, vindis LA (spewniint ) (‘Xposc'd io^varioii.s 
day lengths. 10-hour day: Never budded. 12-hour day: lUuJded .July 1, 
flowered .July 29 at 2.5H inches. 13-hour day: lUidded .June 21 ; flowered July 
12 at 25 inches. U-hour day: Budded June 19; flowered .July 7 at 20 inch<*s. 
18-hour day: Budded June 18; flowered July 8 at 29 inches. Full day {C): 
Buddeid June 15; flowered July 10 at 27 inches. IVsts began Ma\ 1. Photo- 
graphed August 21. 

the longest runners were produciul. With eacli increase in h'.ngth of 
day above 10 hours, stolon development declined until with 18 hours 
of light only two short runners developed. 

If this mint represents a variety of Mentha piperita, it would appear 
that the wide range of flowering, extendijig far down into the shortest 
light periods, is more nearly like the behavior of M. arrensis than that 
of A/, piperita (table 1) and indicates the marked differences that 
(*los(dy related varietii^s of a species may show in their reaction to the 
factor of length of day. 

CONCLUSIONS 

Th('. pnisent paper shows the day-length requirements of a number of 
strains of species of Monarda and Mentha grown at- the Arlington Ex- 
periment F arm, Arlington, Va. Some of these are of Old World origin, 
and a number, including Mentha spuaUi and Af. piperita, are thor- 
oughly naturalized in the East. 

Monarda punriata, Mentha spicata, and M. piperita, occur wild in 
the District of Columbia; Monarda didyma occurs wild in the adjacent 
area of Virginia. 

Some of these mints have very definite length-of-day requirements 
for flowering, and the various species differ widely in this respect. 
Some are obviously l)est adapted to northern regions with long days, 
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while olh(‘rs can flowta* readily in low(*r latitudes where much shorter 
summer days pi*evaiL 

The s|)(‘(*ies Alonarda punctata a.n<l Al. didi/ma have flowcTed readily 
under all li^ht (X'riods and Ix'have as iud(»t(U'ininate or day-muitral 
plaids, their flow(‘riu^ hein^ little allected hy th(‘ hm^th of the daily 
ii^hi [)(*riods. On th(‘ basis of their readiness to flower in response to 
various day leiiii^ths, j*an^ing from 10 to IS hours, it should he ex- 
j)(Hd(Hl that both speci(‘s would have a wid(^ natural ran^e of distribu- 
tion southward and northward. That such is the case is sliown by tin* 
fact that Af. didyma is found from Quebec, (Canada, to Florida, and 
Af. punctata from N(‘v\ York to Florida and T(‘xas. It is probabh' that 
at the limits of their raiij^e, in both the (extreme noith and th(‘ (‘X- 
trenu* south, the tcunperatiire factors may play an importaid part in 
th(‘ir delimitation. 

TIh‘ several sp('<‘ies of Afcntha, for th(‘ most part, are ty])ical lon^- 
day plants in tlndr day-l(‘n^th responses, since* sonn^. flow(U'(*d more 
(juickly when the lontrc^r hui^ths of day w(u-e experi(Mi(*ed and others 
llowen'd only undeT tlu'se* lonpu* elay lengths. Of th(‘, live strains or 
s])eei(‘s tt‘st(‘d, Af. p! p( rUa showed the* most ])ronounced n'epiinunent 
for long days, since* lie)W(‘ring was not initiated eveui wdth vi hours of 
light daily and llowi*rs AV(‘re barely able* to form when the' plants w^ere 
give'll 14 heiurs e>f light elaily. In the case* e)f Af. citrata, the lo\v(‘r 
limits of flov\e*ring we*re‘ shown w ith 12 he)urs of light elaily, anel plants 
e)! Af. s])lcaia faih'el te) fleiw^e'r with 10 hours of light elaily. 

It is im])e)rtant to re'e*e>gnize‘ the fact that the* plants of the* various 
sj)e'e*ie*s te'ste'el preibably re‘pre‘se‘nt. particular strains in all instance's anel 
tluit the'se' re'sults weiulel not ne'e*c'ssarily apply te) all othe'r strains of 
the'se* spendes lound in this (‘e)untry or in the ()lel World. 

As has been melie*ate*el, ineist e>f the strains e)f the AIcntka s[)e‘cu*s 
elealt witli in this pajie'r have* show n me)re‘ e)r k'ss pre)ne)unced long-day 
re'quire*ments se) far as five fhnve'ring is concerne*el. The* ive'ognitieni 
e>f this faed is e)f mue*h impe)rtance to the* plant bre'e'eler who may hope 
te) hasten the' flowe'ring e)f e*e'rtain spe'cie's e)r to ^ynchre)nize' their flower- 
ing to be'st aelvantage* fe)r purpose's of reaely crossing by moelifying the' 
daily light j)e*rie)d. It is obvious that sheutening the* days to haste'u 
(le)wering in some* of the'se* sjie'cie's, as one plant bre'cde'r intere'sted in 
mint bree'eling infe)rme*el the writer he had eloiie*, is anything but the* 
e‘orree*t proce*elure. 

The* wTiter’s studie's e)f the*se mints have be*e‘n conce'rned only wdth 
the e*e*e)logy of growdh anel fle)W'e*ring, but the per<‘entage yields of aro- 
matic oil anel its ('eunpe)sition in ivlation to the various h'ligths of day 
w'oulel also have* been of e*.onside'rable inte'ivst. 

' It is evieh'ut that tlm various species have showui streingly contrast- 
ing re*sponses te) the? varie)us lengths of day, and it is true ge*ne*rally that 
wdiere llowe’ring w as inhibite*el on the shorte*r el ays stedem de*v(de)pme*nt 
and ('longatie)n we*i*e favored. 

The* spee'ies of AIcntha for the*> most part produce* twe) ty])e*s e)f stems, 
one of e're*ct habit be*aring the normal leafage and capable of pre)ducing 
llowe*rs uneler suitable conditions; the other a prostrate, stoloniferous, 
nonflowering ty])e, with long internodes anel small le*aves, wdiiedi may 
grow to excessive h'ligth and root readily along its course* when in con- 
tact with the grenind. It is obvious that the latter is a strictly vegeta- 
tive, propagative type of steni, which serves to extend the e'olonies 
into new" areas. 
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Such evidence as has been secured would indicate that, with sup- 
pression of the {lowering tendency under shortened day lengths, the 
stolon typ(‘ of stem development is favored. An undue accentuation 
of this type of stem, with restriction of erect stem growth, obviously 
would tend to iow(T tin* production of plant material per acre and 
cons<»ciu(‘ntly the yield of aromatic oil. It would appear, them, that 
maximum yields, ])(‘rc(mtage composition being equal, would obtain 
in those ar(‘as most favorable to maximum ert‘ct stem growth, which 
to a greatc^r or less degre(' is related to favorable hmgth of day. For 
optimum conditions of flowering and for early flowcTing long (lays arc^ 
(\ss(^ntial. This is probably one of the principal reasons wliy peppcT- 
mint (Mentha piperita) succ(‘cds best in nortluTii latitudt's. 

SUMMARY 

Th(‘ huigth-of-day reipiirernents of a number of mints of the g(*nera 
Monarda and Mentha of th(‘ family Labiatae w(Te studied, th(‘ range 
of photop('riods being 10, 12, 12}2, 13, 13K», 14, 14]2, 18 hours, and 
lull day, at Arlington, Va., at approximately lat. 39° N. 

Natural daylight was used for all photopeu-iods exce])t that of IS 
hours, this b(MUg much in ('XC('ss of the long(‘st natural day at Washing- 
ton, I). C., which on June 21 is 14.9 hours. 

For photoperiods of 10 to 14?2 hours, inclusive', the plants W('n‘ k(‘pt 
in ViUitilatcMl lightprimf house's for ch'finite' pe'riods each da}- to obtain 
the' de^sire'd numbt'i* of hours of daylight ex[)osure. 

For the 18-hour photoperiod, artificial supplemental light was 
afforde'd the* plants by four 200-watt gas-fdle'd tungston lights fitted 
with bowl refh'Ctors, oru* light being place'd at (*ach corne*r of a stpnire* 
me'tal frame 3 fe'et on a side from ce'nte*r to ce'nter of the lights. 
The'se lights were* ke'pt at a distance of 1 foot from the plants by raising 
the supporting metal frame as nee'deul. The* light inte*nsity thus 
alfordcd was about 300 to 400 foot-candh's as measun'd by a \V(*ston 
illumination meter, mo^lel 1740, (*<piippe‘d with a Viscor filter me*asur- 
ing visible radiation only. 

The sp('ci('s studied we're Monarda didyma^ M, punctata^ Mentha 
arrethsiH^ M. citrata, M. piperita, M. spicata, and a variety of M, 
piperita. 

Most of these mints r(*quire long days for early jirofuse flowe'ring, 
but the various Mentha species, whichmre characte'rize'd by the forma- 
tion of long stolons undeu* some conditions, show acce'iUuation of the* 
stolonife'rous habit in some* instance's on the shorte'r days. 

The two Monarda specie's, M. didyrna and Af. punctata, are day- 
neuitral or indeterminate' in their be'havior, since* the most e*xtre'm(\ 
differe'nces in the* length of the pliotope'riexl liad ve'ry litth* efiVet on 
the height and time of flowering. 

Aleniha citrata, M. piperita, and Ad. spicata have shown the* most 
decided long-day tendencie'S, since flowe'ring was inhibited e'utire'ly 
on sliorteneel days. Of tlu'se, M. piperita was most favore'd by long 
days, since only the* jxliotope'riods of 14 hours, 18 hours, and the full 
day allowed budwS and flowers to appear. 

Mentha arve/nsis and a variety of M. piperita obtained from (ire'cns- 
boro, N. C., produced flowers even in response to the shortest 
photoperiod of 10 hours, and to this extent both are inclined to be 
indeterminate or day-ne*utral in their length-of-day responses. 
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PROGRESS OF GERMINATION OF SEED OF DIGITARIA 
AS INFLUENCED BY GERMINATION TEMPERATURE 
AND OTHER FACTORS > 

By Kbkn Jl I'ooLE, phijs^ologi'^t, and Vivt\n Kearns junior hofarnst, 

Ihinsion of Fruit and Vegetable (^rops and Diseases^ Bureau of Plant Indn.stry, 
United Stateti f)< partment of .\gnculturi 

INTRODUCTION 

That (lifli'n'iil kinds of scnals respond diirtavnily to ^('rrnirmtion 
t(dnj)(*raturo lias lonj*: Ixnai i-('C()S]:nized. Tlic work of Crocker {1, 2Y 
indicated that th(‘S(‘ resp()ns(‘s are not only associaUxl with the i)e- 
havior of the cells of the embryo, hut are complicated by the coat 
n'strictions. It may Ix' assumed that some* fundamental prin<apl(‘s 
ar(‘ involv(‘d in tln^se varied n^sponses of dilfenait S(‘eds. A know'hxli^e 
of th(' (hdaihal behavior of many kinds of se(xls that have different 
ada])tations is mx'ded before valid generalizations can be made. A 
study of th(‘ w(‘ll-r(*coj 4 niz(‘d special j^ermination nxiuirermaits of the 
se(‘ds of many w'(‘t*ds should furnish information of value in solving 
the geix'ral problem of s(‘{*d germination. Also, a knowdedge of the 
factors influ(*ncing tht‘ germination of seeds of si)ecific W(‘eds should 
aid in their control. The seeds of th(‘. two common crabgrass(‘s 
D'Kjiiarui ischaemurn (Sclin'b.) Muhl. and I>, rnttgniitalis (L.) vScop, 
W'(‘r(‘ select(‘d for sludy.'^ 

Oidy incidental r(*ler<'nc(‘s in the lit(‘ratur(‘ to th(‘ g(*rmiTiation re- 
(liiinuiKuits of DIgifarla have Ixaai found. Weber and Kirchmu* (/5, 
p. 2S2) riKMition that germination of th(‘ s(M‘d of I), mtitpiinnlifi is 
slow and that light is nxjuirc'd. Hiaiting the sixal at 35° C. had a 
lx*n(‘ficial (*ff(‘ct in hastening germination. Edwards has review^ed 
the literatun' on the n'lations of temperature to germination of various 
seeds, dealing inoslly with tlx* response to temperatures maintained 
at a constant levid; Harrington (8) has nffeuTcd to the early work on 
the (‘ff(‘(*t of daily alternation of temperatures on sexxl germination; 
and Morinaga [IS) and many others have pr(»sent(*d wmrk on this 
phas(‘ of tcunperature relations. The ben('fi(*ial effe(*t of prechilling, 
i. e., holding the moist seeds at a tcmp<‘rature slightly above freezing 
Ix'fore subjecting them to ordinary temperatures for germination, 
w as first described by Davis and Rose 0*^). The method has been used 
by many workers for various typrs of retarded germination of sixals. 
The chang(x] response of many stxals wdth age after harvest has been 
noted by various writers. Harrington (7) has reviewed the trarly 
literature on the afterripcaiing of cereals. Kcairns and Toole {10) 
have recently followaal the change with age of the response of fescue 
seed to altcu’iiations of tempcu’ature. 

’ Received for publication December 27, liMO This m vest inal ion was eondueted in Ihe former l)i\ision 
of Seed Investigations, Bureau of Plant IndiLstry 

* Italic numbers in parentheses refcT (o Lifernture Cited, i> tK). 

8 A preliminary report of some portions of this slud> was gi\eii before the Botanical Societ> of Ameriea 
in Dewunbor lSKt8. 
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MATERIAL AND METHODS 

S(‘(‘(l collections w(*r(* made in 193,5, 1936, 1937, and 1938 from ^row~ 
in^ Digitaria |)lants l)y lightly rubbing the mature infloreseenct'S to 
r(‘mov<‘ oidy the mature' seeds. The se'ed was eh'aned to remove chaff 
and undeveloped fruits and stored in paper bags in the lalmratory. 

Th(' “seed” as us(*d in these germination studies consist'd of the 
matun' fruit or earyopsis enclosed by the close-fitting cartilaginous 
lemma and ])alea and tin' persistent second glume and sterile h'lnma. 
B(*eause of tht' uiu'ven ri])ening of the seed of these grass('s and the 
tend(‘ncy of the vS(‘('d to fall from the plant as soon as it was fully 
mailin', llu're undoubti'dly was a (‘onsiderable and variable di'gri'i' of 
immaturity in the material used. 

All germination ti'sts wen' carried out on moistened paper towi'ling 
111 Petri dishes. Alternation of temperatun' was obtaini'd by trans- 
ferring the dishes from one controlled-ti'inperatun' chambi'r to tin* 
other. Till' first-mentioned temperature of an alternation was main- 
t aim'd for approximately 18 hours ami the second for 6 hours ('ac-h 
(lav. S('('dlings that had developed a definite root and plumule weri' 
(‘ounted and ri'inoved ('very 7 days, and results usually an' n'poric'd 
for 28-day p<‘riods. 

Th(' tempc'raturc* of germination chamlx'rs abov(' room tc'intierature 
was maintained by thermostatically controlliHl (‘h'ctric lamps within 
tin* chandlers. No at tempt was made' to ('xchuh' light ('xc'c'pt in sp(*cial 
t('sts in which tin' Petri dislu'S were ('iiclosi'd in tin boxc's. I)('finil(‘ 
('xposure to light was made only at the condition designat('d “20^^ to 
30^^ with light, in whicli, for the approximatc'ly 6-liour p(‘riod at 
30® C\, till' germination t(*sts were <*arri('d on in a glass-('n(*1os('d 
chamber in a north W'indow^ 

EXPERIMENTAL RESULTS 

Pn'liminary ti'sts in 1935 at various t(*mp('iatun's indieat('d that 
fn'shlv liarv('st('d Si'cd otboth Digitaria isehaewum and D. miujuinaH.^ 
w’^ould ri'inain for s('V('ral w’^('(*ks wdth practically no germination under 
conditions ordinarily favorable for germination, but that vvin'ii gc'rmi- 
nation linallv startl'd it progress(*d steadily although slow'ly until 
practically all (95-98 perc(*nt) thi' viable sei'd had gi'rminati'd, which 
ri'cpiin'd sevi'ral montl'S, The final germination W'as about tlu' sarm' 
when tht'seed w asmaintaiiuMl at differi'Hl daily altiTiiations of U'lnper- 
aturi', but tlie (*ours(' of g(*rmination was vory different. Pri'chilling 
th(' seed shortem*d tlie tiim' bi'fori' g(*rmination startl'd and hasti'nt'd 
the rate' of gi'rmination. Tests started after the seed had bei'ii 
stoied dry for 2 months in the laboratoiy showi'd a maiki'd (‘hang(' in 
th(' eours(' of germination. 

TIk'sc ])r('liminary results led to a mon* detailed study (Ij of thi' 
(‘-omparative ri'sporisi' of tlu' iwo species to a st'ries of daily alternations 
of temperature, (2) of the change of this response' as tin' seed aged, 
and (3) of the response of tin' seed after prechilling for various pi'iiods. 

EFFECT OP SEVERAL TEMPERATURE ALTERNATIONS ON GERMINATION OP 
SEED OF DIGITARIA ISCHAEMUM 

Freshly Harvested Seed 

(ieimination ti'sts wmie started wdthin 2 days after harvestingin tlie 
fall of 193(), 1937, and 1938, and four alternations of temperature 
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(20° 1o 40° (\, 20° to :tr)°, 20° to :U)°, and 15° to 25°; w(‘i(‘ iisod. 
Th(‘ irsults of th(‘S(‘ t(*sts, as ])T*(^s(*nt(‘d in table 1, sliow eonsiderable 
variation in tin* ^(‘rininalion of tlu' dillVrcMit samplers at a ^iv(‘n ((aiipca*- 
alun\ Th(' relative ]m>p-<»ss of eaeli sajn])le ii- v(‘iy siniilai for tin* 
sev(‘ral t(‘inp(‘ra(ur(*s, iiow('V(‘i, and it is l)eli(‘V(‘d that the iiKainsfoi tin* 
four sample's ((!<;. I) r(*j)i t*s(‘nt with l•(‘asonal)l^‘ aceuiiaev the relative* 
ie*spe)nse‘ to tl)e‘se* te‘m])e‘rat ure* e*onelitie)ns of the freshly l)arve‘sle*el see'd 
e > f P iff I fa r I a l.^eh a e fn ant. 

The* ji:e*ne'ral forms e)f the curve's fe)r ^e‘rininatie)n at alte*rnations 
20° to 40° 20° te) 85°, anel 20° te) 80° are* similar. A more* or Je*ss 

h'li^thy initial pe*rie)el witlie)ut ^ermimitie)n or with e)nly sli^^ht «:ermina- 
tie)n was fe)lle)\v('el by a pe*rie)el of e'eunparat ive*ly raj)iel ge'rmination, 
afte*r \\lii(*li the* rate* Ix'came* much slowe*r anel the* ^e*rminatie)n e)f the* 
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iscIku nnuft at foui toinpcrat ore alteriuit ioii> 


je*mainino: se*e'els e‘onlinue*el e)ve*r a ve*ry lem^* i)e'rioel. Kven elurin^ the 
l)e*rie)el e>i e*e)mj)arative*ly ra|)iel ^e*rminatie)n, the* mean rate* (1 te) 1.5 
])e‘re‘e*nt pe*r elay) was very sle)W in e*e)m|)arise)n with the* rate* of ^e*rmina- 
tie)n e)f me)st e*re)}) se'e'ds. 

Rapiel ^e'rmination starte*el first at the*. 20° te) 40° (\ alternatie)n, 
abe)ut 4 we*e‘ks late*r at 20° to 85°, anel afte*r ane)tbe*i* 8 or 4 weeks at 
20° te) 80°. Wlie'U we*ll starte*el, germinatie)n was for a time* at abe)ut 
the* same* rate* foi’ the'se* thre*e* e*onelitions. Althouj 2 :h germination 
starte*el mue*h Iate*r at the* 20° to 85° than at the* 20° to 40° alte'rnation, 
a. smalle*r pe*re*enta^e* e)f se*ed rt*ma.ine*d un.i*:e*rminate*el at the former 
te'inperature* alternation wheui the rate* e)f germination slow’^e'el down 
in tlu* late'i- ])a.rt of the t (*st. At the conclusion of me)st of the* inelivieliud 
te*sts at 20° to 40° a fe*W' appare'iitly sounel seeds r(*maine*el, and this 
in p*neral w as not true at 20° to 85°. At 20° to 80° the rate of p*rmina- 
tion fe*ll marke'dly aft(*r abe)ut 50 pe'rcent of the* se*eds had ^e*rminated. 
The* eliffereruH* in germination amon^ sample's was greate'r at 20° to 80° 
than at 20° te) 40° or at 20° te) 85°. 
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T\ble 1. -Sum mar)/ of conrae of germination of 4 ^amplea of Digilaria iachac- 
mum at ^ temperature alteruahona when tested immediatdy after harvest 
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At tlu' 15° to 25° r. altornalioii, ^mninatioii was not only slow to 
start but it progrossod at a imich slower rat(‘ than nn(l(‘r (lie otlii'r 
tempc rat lire conditions and the final germination was l(*ss. Tlit‘ nnains 
of the four samph's indicate a fairly uniform rate* of gcM'Uiination, 
approximately 2.75 iiereent p<u- week from the twelfth to tlu' fortieth 
W(‘ek. The total g(U'mination obtained at the 15° to 25° altcM'natioii 
was very different for the four samples. This may in ]nu*t have Ixmmi 
due to undetected differ(*nces in germination conditions in the diffenait 
years. On the oth(*r hand, samples 766390 and 766401 were in the 
same chambers at th(‘ sanu' tiiiu' and yet gtu*minat('d V(*ry dilfcu’cMitly 
at this t emperature alt(Tnation, although these same samph‘s b(4iav(*d 
essentially alike at 20° to 40° and at 20° to 35°. 

Stored Seed 

(Jermination tests start(Hl Septembiu* 23, 1935 (day of s(*(*d coll(‘C- 
tion), November 22, 1935, fJamiary 13, 1936, atul September 30, 1936, 
on sample 758522, gav(» ri^sults (fig. 2) for the tcunperature altcu-natioii 
20° to 35° 0. that indicated a progressively (»arlier start of geumination 
for the sueea'ssively later tests. When the* see*el was a ye*ar old, ge‘rmi- 
nation was eomplete*el in 7 days, whei-eais with freshly harve*sted seed 
germination cxteuieled oveu* a period of 224 days. 

With seed colle*eted in 1936, te*sts in vSeptember anel again in DeH*em- 
ber indicated a similar change in the response of the seed. In 1938 it 
was planneel te) fedlow closely tiio changing germination response of the* 
seed when stored dry in the laboratory. Tests were started (sami)l(* 
769356) the day the seed was collected, Septe*mber 8, anel at- wee'kly 
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iniorvals tlieivaftcM’ at 20° ((> 40° (\, 20° to :-;5°, 20° to H0°, and 15° to 
25°. By ()(*t(>h(‘r it was joalizod that, the interval b(^tween tests was 
too short to in(li(‘ate detinite ehan^(‘, but tin* supply of seed was so 
inairly exhausled that tlu^ series eouJd Jiot b(‘ (‘xtended*. Th(‘ remaining 
se('d was l(‘sted on F<‘t)riiaiy 2, 1080. 48i(‘ rc'sults of tlies(‘ t(»sts (table 
2) sugg(‘st that at 20° to 80° and at 20° to 85° th(‘ se(‘d g(‘nninated 
better wluai t(‘st(‘d tin* day it was eoli(‘eted than wdien t(*st(‘d I and 2 
W'(‘(‘ks lat(M‘; howcwi'r, tli(‘ ditferemas are not large enough or eonsistent 
(‘nough to b(‘ inor(‘ than suggest iv(‘. With this ])ossible exception tJie 
results from Septcunber S through ()(‘tob(‘r ti for 15° to 25° and 20° to 
80°, and through October 18 for 20° to 85° and 20° to 40°, are fairly 
uniform and show^ at h'ast Jio mark(‘d cliangi' in tlu^ respons(‘ of tin* 



Kiccuf. 2 Pr<)^re>s of gcrinnuit i(»n of mhmI of Ihgitai in iscIkk mum at 20° to 85"^ V 
alternation wIkmi letted at. turn* of harvesting and at different dat(*s ther(‘aft(‘r. 
Sample 758022, eolleeted S(‘|>teinl)er 23, 1935. 


samples over this p(*riod. In February 1989 g(‘rininalion was great(‘r 
in 14 days than in 112 days for tin* (*arli('r t(*sts and there was very 
litth* diflVren(‘i* in tin* coursi* of g(*rmination at the three temperature 
alternations 20° to 40°, 20° to 85°, or 20° to 80°. 

With scimI 1 to 8 y(*ars old (sample 75S522) gt'rniinaiioii w'as (*ssen- 
lially thi* same at tin* four temperature alt(*rna lions excej)l for slightly 
slower g(*rmination at 15° to 25° C. With seed 1 year old germina- 
tion at 20° to 40°, 20° to 85°, and 20° to 80° w^as approximately 95 
pi*rcent in 7 days and was completed (90 to 99 percent) in 14 days. 
At 15° to 25° gerjuination was approximately 95 percent in 14 days 
and wuis completed in 14 to 21 days. Plumules wH*re noticeably 
shorter in 5 days at 20° to 40° than at 20° to 35°. There was no 
evidence of furtln*r change in response of the sihhI after 1 yeai\ 
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'r\HLK 2- -Slim man/ of gn mvnaiion at different tempera! are a Iter nations of seed 
of Digitana ischaem ii m irhert tested at sueeessive periods aftrr harvest 

[‘‘'aiui>U‘ 7rt9.‘{.")0. collected Sept K, IIWS. 400 seeds used foi each test] 
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1 Figures in ptneiitheses aftei final piTceiitages show approximate percentage ol ai)pfiientl> sound seed 
reinaming when test was discontinued 


Pkechilled SePU) 

In studying tbo oflVct of prechilliug, the sot^ds W(U*p f)]a(*t‘d on 
moistonod papeu* toweding in Petri disln‘s, and liu‘S(' wort' ludd in a 
cold chamber at approxirnatedy 3° (^. (2° to 5°) for various periods 
bedore they wtu’c rtunoved to the usual germination chamb(‘rs. Tin* 
germination count was reckoned from the time tlie seed w^as moisteiu'd 
and plact'd at th(' low temp(‘rature. No germination ocxuirred whih^ 
the seeds were at tlie low temperat ure. 

A few repr(‘S(mt.ative tests are presenttnl from among the many 
carrit'd out.. Tlie course of germination of frcsfily harvested seed at 
20° to 35° C. after prechilling is shown in figure 3 for two samples 
collected in different years. 
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The IVt'slily luirv(‘*At ( h1 S(‘(m| of (he two suinples l)t'hav(‘(l V(M‘v much 
ahk(‘. Pr(‘(‘hilliii<j: for 2 W(‘eks caused a small i)ro|)ortioii of (he scmmIs 
to germinate jnore (juiekly, hui after these* had g<‘rminat(*d the 
fiirth(*r progress of germination of the pr(‘.elnll(*d and nonehilh'd t(*sts 
was similar, and th(*re was a definite* sngge*stie)n of a le)we*r final 
ge*rminatiem e)f the* se‘e‘d that hael l)e*en pre*e*hdle‘el. '^rre*atme*nt e)f the* 
lVe*sldy harve‘ste‘el se‘eel at a le»w tennpe*rut ure* fe)]* 4 wee*ks eause*el a 
muedi large*!* f)re)pe)rt ie)n of the* se*e*ds te) ge‘rnnnate rathe*!* promptly 
afte*!* the*y we*re* sul)je‘e‘teel te) a 20° te) 00 ° (\ alt (*rr!at ion e)f te*m])e*rat lire*, 
hut e*ve‘n iifte*i* this ])e*!ie)el e)f ti‘e'atme*nt a e‘e‘i‘ta!n p!*e)pe)i*t iein of the* 




Fidi HE It. I*r<)^ 2 :r(‘ss of j^tTinmation of fre'.shlv luir\ st't'd of Dig/timn tsrh~ 
<u niKtn at 2 to Ito" (\ after prce-liillmj:: at 3"' foj 0, 2, t, and S Av<*e*ks. .1, Sam- 
ple* 7HIS-1S, e*e)lle‘e*t('d S('[)t<‘iid)e‘r 2S, ItKtO; te*sts .start e*d SL*pte*mh(*r 30, 103(). B, 
Sample* TtiOlttMi, collea'te’d Se*pte*nd)e‘r 2.S, 1037; tests starte*d Se^i>te*iid)e‘r 20, 1037. 

se*('els was at le*ast as sleiw* te) germinate as the* unt!*e'ate*d se*e*els. Afte*r 
pre*e*hilling fe)r S w’ee*ks, e)ver 00 pereeiil of (lie se*eds ge*rminate*il within 
a w*e*ek Jiftei* reme)val to the* highe*r teanjierature* (*e)nelition, anel ge*r!ni- 
nation of the viable se'eds wa*^ (H)mplete*.d mueh e'arlier than that e)t 
the untre*ateMl see‘el. 

\Vhe*u the* behavior of fre'sh S(*eHl is com])are*d with that e)f see*el 
from the same sjim])le after appre)ximate*ly 2 months’ elry ste)rage* 
(figs. 3, ^1; 4), it is noted that the olel(*r se*(*el after 2 weeks’ })reehilling 
g(*nninate‘el almost as pi*omptly as the fre*sh se*e*el after (S w*e(‘ks’ 
treatmemt, although, e*ve‘n with this oleler se*eel, a longe*r treiitment 
(4 w*ee*ks) at a low* te*mperature brought about promj)! ge*rminatie)n of 
a slightly greater projiortion of the s(*eds. 
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The seed collc'cted September 8, 1938 (sample 769356), showed, 
as prt'A'iously noted, no dc'Hnitely signifieant difference in behavior 
when tested without pre*, chilling at weekly inka-vals from Septeml)er 
8 to Octob(‘r 13. IlowcA^er the results of tests made at these same 
inteTvals with seH‘d that had be^en prechilh'd for 2 wee^ks after elry 
storage for 0 to 5 wee*,ks (table 3) showc'd a pre)gressive*ly greater 
germination at the' earlier germination ce)iints as the seenl bc'came^ 
e)leler. The germinatie)n in 28 days of se'ed that hael beem stotvel dry 
for 4 weeks was 44 percentage units higher than that of the seen! 
testeel after 3 we'eks in diy storage. SimhI that had been store'xl 5 



TIME OF GERMINATION COUNT (DAYS) 

Fi(iTiRE 4. —Progross of gcriniiiatioii of oldor seed of Ihgitaria ischaemum at 20" 
to 35“ C aft(!r ))r(;ohiiling at 3° for 0, 2, 4, and (i weeks Sainido 7()I.S4K, 
collected Hoptcniber 28, 1930; tests started December 9, 1930. 

weeks and Ihen precliilled for 2 wt'cks geiininatcd almost as promptly 
as seed that had been stored diy for 21 weeks but not prechilled. 
These differences had largely disappeared by the one liiinditHl and 
forti»!th day of germination count. 

The results statt'd above on the (‘ffect of preohilling have l)een based 
on subsequent germination at 20° to 3, 5° C. A comparison of the 
progress of germination* at four temperatun', alternations after pre- 
chilling the seed 2, 4, and 8 weeks (fig. 5) shows that the responstt of 
prechilled seed to tcmiperature of germination was similar to that 
shown by untreated freshly harvested seed. However, the differences 
in germmation response at the four alternations were leas with the 
longer periods of prechilling. 
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Table ‘A Effect of preclnlling at C. Jor J ireeks on the subsequent germination 
at to ,i'7" of se id of Digitana isrhneinuni stored drgforO^ i, 3, or d ireeks 
[Siiinplo 7«W:{r»t), t‘oll(‘cteii Sept. S, iOlis. 4(M) seed.s used for ciich test! 


i 
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Mlncellxneous Obsekv \tions 

In tin* (*oiirs(' of the abovcMloscribotl work otlud* obsorvalions wmv 
nnido lliat se(‘in worth recording. 

Jn the {general roiitint* of tt^stin^, additional t(*sts wt're made in 
which th(‘ j)a|)er tow(‘lin^ was moisltaital with a 0.2-i)(*rcent solution 


o 

tr 


z 

o 


q: 

lij 

o 



TIME IN GERMINATOR (DAYS) 

FuamE ().- Pro^^ross of gorinination of freshly liarvestofi st'i'cl of JHgitcria 
iscfiaemuru at four ttuiijierat uro alternations, on jiaper toweling inoisten(‘(l 
with water and with a 0.2-p(‘rcent solution of potassium nitrate at each alti r- 
nation. M(‘aus of 200 seeds for each test, except 400 seeds used at- 20° to 3.7° 
C. Sample 701848. 


of potassium nitrate instead of water. Tlie most striking r(‘siilts 
were obtained with fiTshly harvested seed of sample 7()1848 (fig. (>). 
There was a distinct hastening of g(‘rmination by the use of potassium 
nitrate at tin* 15° to 25° C. and 20® to 30® temperature alternations, 
and an etpially sti’ong retardation at the 20® to 35® and 20® to 40® 
alternations. 

Difference in germination b(»tween seeds treated with wat(»r and 
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s(H‘(ls with [)oliisMinii niliMlt*. wns not n|)|)ar(‘nt at soiik' of tin* 

l(‘m])c‘rat ur(‘ alternations with some sain])les. hut wlnau'ver a dihenauM' 
oeenrr(‘(l it was in th(‘ diri'etion indieat(‘d in figure ti. 

A d(‘tail(‘d st udy of tin* (‘(re<‘t of li^ht on ^(‘iinination was not madi‘. 
Most of lh(‘ t<‘sts ree(*iv(‘d soiin‘ li^ht from (‘l(M*tri(‘ lamps us(*d to heal 
the t 2 :ermination ehamlans and also from hri(‘f <‘xposiin‘ during transh'j- 
from one t<‘m])i‘rat ure to anotlier and during tin* eountin,u‘ of iJn* 
^(‘rminati'd sei'dlin^s. Some of tin* series r(‘e(‘iv(‘d d(*hnite (‘xposnn* 
to ddfns(* dayli^*ht durini!: a f)ortion of (‘aeh day. In a f(‘W instaiie(*s 
th(*i*(‘- W(*r(‘. paralh‘l ti‘sts in wliieh direct liirht. (‘xposiiri* was eompar(‘d 
with total Ji^’hl <‘\eliision by enelosinir tin* t(*sts in a tin box. 'riie 
r(*siilts wen* sonn‘whal (*ri‘atie and ineonelusiv n*, and no d(‘finit(‘ or 
st rikinji: (‘fr(*et oflii>:ht on tin* trormination of s(*(‘d of l)i(jifnri(i Isrhafni unt 
was ol)S(‘rv(*d. 

It is usually assunn‘d that retanh'd ^(‘rmination such as report (*d h(*ri* 
for Dif/ifarla is eaus(*d by r(‘st ri(*t ions of the s(*(‘d or fruit coats; then*- 
fon*, sonn* t(*sts W(‘n* <‘onduet(*d to d(‘t(‘riniin* tin* (*(r(‘et of nn*ehanieal 
searilieal ion and treat nn*nt v\ilh eone(*nlrat(‘d sulfuric acid. Rubbing 
tin* fruits v\ith ('nn‘ry ])ap(‘r causc'd a sh<i*ht hast(‘nin^ of ^(*rmination 
in tin* first f(*w W(‘i‘ks, but about two-thiids of tin* s(*(‘ds wn*r(* badly 
injur(*d by tin* tn'alnn'iit Aft(‘r tn*atnn*nts for mmuti* and foi* 
1 miiiuti* with conc(*nlrat<‘d sulfuric acid, approximately (it) p(*rct*nt 
of tin* s(*t‘d ,ij:(‘rniinated in 2<S davs, at which tinu* u’(*rinination had 
hardly start(*d in tin* control Aft(*r lb w<‘(‘ks in the i»:(*rininator th(*n* 
was V(‘ry litth* difb'reiici* bt‘tw(*i‘n the germination of tin* tr(*at(‘d and 
the ijn(r(*at(‘d se(*ds. Tn*atm('nt for 2 minuti's caus(*d marked 
injury. 

KFKKCT OK SKVKIIAL TKMI’KKXTIUIE M/rKRK \TlONS ON (lEKMlNXTlON OK SEED 

or i>n;rr\Ki\ sanodinxt.is 
Fiiiosiii \ II\KM>iKi) Seed 

A summary of the ^(*rniination of s(‘V(*ral sam|)li*s of si*(*d of D’ujltaria 
so nal ly coll(*cted in diff(*n*nt y(‘ars and tt*sted within a lew day^’ 
aft(*r harv(*st at S(*vi*ral t('m|)(*i'ature alt(*rnations is in table 4. 

(ii'rniinat ion of the s(*v<*ral samples at any oin* of tin* temperatun* 
alt('rnat ions v\as vc'iy variable*. This variation is (*vid(*nt in ii^’iire 7, 
which shows tin* [)ro^r(*ss of ir<*rmination at four te'inperatun* alterna- 
tions of two sample's e‘e)lle*cte*el the* same* year am! te*ste‘d at the* same* 
time*. (S<*e alse) li^. 11.) In spite of this variatieui amemji: sani[)le*s, 
the* re*lative* re'spemse eif e*ach eif the* samples te) the* eliffere*nt te‘m])e*ra- 
ture* conelitions was mue*h the same* (table 4). The |)re)<i:ress ol 
iijerininal ie)n at eliffe're'iit te*nipe*rature* alternations, l)ase*el on the* means 
of all available* inlorniatiein for eae*h alternatiein, is sluiwn in lii>:ui*e <S. 

In j»e*ne‘ral, ^(‘rrninatiein was most ra])id anel r(*ache*el the hi< 2 :liest 
final value at 20° to 30° (\wdth li^ht. (n'rininat ion at 20° to 35° 
[)r()p'e*sse'el at a. semu'wdiat slower rate, and final value's W’e*re slightly 
lower. At. 20° to 40° the* start of ^('rminatiein was de'lave'd anel its 
progress was at a de*tinite*ly slower rate* tlnin at the* two e'einelitions 
inentioneHl al>o\e, and feir most ol the* sample's ge*rminatie)n ol the* 
viable se'e'el was not eomplete'd in the time* the* te*sts wn're* e*onelue*te*eL 
(Jermination e)f tliree sample's te'steel at 15° to 25° was extreme*ly sh)W'. 
llie be'havior of the* fre'shly harve'ste'el se'e*el at the otlu'r alternatieins 
use'd will be eliseusse*el later, in coniu'ction with the*- e'ffrct of expeisuro 
to light (p. 83). 
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0 28 56 84 

TIME IN GERMINATOR (DAYS) 

Kiguub 7, — Progress of geniiinatioTi of freshly liarvestecl seer! of Digitaria san- 
guinalis at four terii])eratiire altorimlions, .shoeing variable response of (A) 
sani])le 7(U)4()3 and {H) sanijde 700404. Heed eollee((‘d SepteinlxM* 20, 1937; 
germination started October 2, 1937. 

Table 4.-- Course of germination of tmrious samples of seed of Digitaria sangiiinalis 
at different temperature alternations when tested immediaOig after harvest 


''JVmi)erature allcrnnlum Sainplo of Seeds 

(®(b and light condition. No. Imi- tesienl — 


(’umulative iKurcentage germination after indicated 
mmiher of dajs 


28 56 ! Ht 1 12 140 ! 168 J06 224 | 252 280 I 30S :f36 


Total or mean 


Total or mean. 


Num- Per- Per- Per- Per- Per Per- Per- Per- Per- Per- Per- Per- 
her cent cent cent cent cent cent cent r ent cent cent cent cent 
7(11840 1936 200 0 16 43 60 80 S3 Ki 85 86 86 02 

7()ti403 1937 100 0 3 15 41 67 86 86 86 . 

766104 *1937 200 0 () 0 2 21 72 74 75 

769357 1038 400 0 2 11 33 54 61 05 73 74 74 74 75 

WKl 0 5 17 34 55 75 77 80 HO 80 82 . .. 

75852:1 19:15 200 0 33 62 87 06 97 ~ 

761849 1936 400 0 29 72 84 89 91 91 91 94 . 

766403 1937 100 15 33 63 77 84 85 86 86 .... 

766404 1937 200 0 0 26 58 64 66 70 70 

769357 1938 400 0 14 55 76 84 86 86 88 91 91 93 93 

1,300 3 22 50 76 83 85 86 87 88 88 88 
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Table 4 - (Umrsc of qi nniiiat ton of vatious samples of seed of Digiiaria i<nnguinalis 
at d'lffereiil temperat nr< alternatioNs irfu n tested immedintiUf after harvest (’onl 


Toiripomf un‘ :ilternat i<ni 
(''(') ai}(i lijjht condition 
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SroKEJ) Seed 

The coiirst' of i»:<‘i‘iniiititi()ii nt 20*^ lo 80° (\ with li^ht hi siicrt'ssivt* 
l(*sts of surriph* 758028 , coUccUmI St‘pl(‘inl)cr 28, JfKSo, iuul It^slt'd 1 
(hiy, 2 months, 8'2 months, ami 1 y(*ar af((‘r harvt'sl, is shown in liftin' 
0. In 1988 s{uni)l(‘ 7(19857 was plact'd to |2:(‘nnmal(‘ on tin* day it was 
harv(‘st(Hl and aft(‘r 8 intta-vals of apf)roximat(‘ly 1 month oa(‘h. A 
summary of tin' conpih'tt' rc'sulls is pn'st'nled in tahh' 5, and tin' (•oiirs(‘ 
of j2:('rmination for soino of tin' It'sts at 20° to 80° C. wntli li<z:ht is shown 



TIME IN GERMINATOR (DAYS) 

Fkiuke 8. -Mean germination of fresli seed of Ihgitann sauguiuahs for all year^, 
showing the progress of geririiiiatioTi at the various temperature alternations. 
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TIME IN GERMINATOR (DAYS) 

FKiLiUE i). Progre ss of goriiiiimtioti of seed of JHgitivin sauginnalis at 20° to 30° 
C. alteriuitio!) ^Mtll light, at dUferoiit dates after liarvostiiig. Sample 758523, 
collected September 23, 1935. 
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Paulk 5. - Sinitmonf of gcnnvnnhon at diffiimt inn perat iircs of srcd of Ihgilnria 
sanginnnlis udini trshd at *<arrrsti 7 vr ponods after harvest 
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• Kiuiuesm p vieiUheM's ultet tiiial pel cent show pereeiitaue ol appuK'Ut l\ sound sei-d i einammti w hen 

test was (liM'ontmuer* 

2 Mun> appiuenth sound s(*ed ri-iuaininp when te^l was di-eont min'd 


grapliiciilly in fistin' 10. With both of these samples the frermination 
in 28 (lays was progressively greater as the scaal aged, but tlu' germina- 
tion finally obtained was about the same, wbaU'ver tlu* agt* oi tlie 
seed. S('ed of sample 7(i!i:ir)7 (table f)) plae<‘d to gcuininate on April 
28, about ()?i months after collection, showed about the same germina- 
tion in 28 days as the freshly harvc'sted s<>ed in 2.')2 days. The change 
in rat<‘ of germination is also shown in tin* ])art of figure 14 that 
presents tests without prechilling. Tin* relation of time since harvest 
to germination is brought o\it more clearly by a ndabulation of the 
germination results at 20° to 80° C. with light on the basis of the act ual 
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(lat(‘ of th(‘ j^ernii nation count (table (>). (remnnation on May 25 
was essentially the same whetlier the seeds liad beam moist in the 
jjjiMminalor all the tiim^ since the seed was harvested, or had been 



TIME IN GERMINATOR (DAYS) 

FimjRE 10. — Prugresh of s<^Tniiiiation of Ncod of JHgitana mnguinatiH at 20" to 30" 
C. alternation with light/ tested at successive dates after harvesting. Sani])le 
709357, colleck'd 8e])t ember S, 1938. 

stoj-ed dry for difl’iTent portions of the time. Also, g(‘rmination was 
[)raetieally (*ompIcted (05 to 09 percent) by August 17 irrespeetiv(‘ 
of tin* date that germination started. 

Table -Girminaiion of seed of JHgitaria t^anguinalifi whni tested at successive 
periods after harvest, at £0° to S0° C. alternation with light, based on the actual date 
of germination count 

(Sarnj)le colloctccl Sopt. 8, ltW8] 
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After approximately 8 months' storage, the differences in rate of 
germination at the different temperature alternations (fig. 11) had 
largely disappeared. A great part of the total germination at each 
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Tmcjt UK 1 1 Pro^ri'ss of goriiiinal loii of seed of Diqitnrm snnguinalis at diffen'iit 
1<uu])(*rat iin^ altcrnal loii^, t(‘st.s a1 harvest ifiji: and after storage^ for 8 months. 
Sam])le 7r»9Ih’>7, eoll<‘et(‘d Septemlx*!* S, 10I48. 



Fkiuue 1 2 .-- -Progress of germination of seed of Digilaria sanguinalis at different 
temperature alternations after storage for 1 year. Sample 758523. 

altornution was in the first 14 days. However, the total j^cTrninalion 
at 20° to 40° C\ was distinctly lower than at the other alternations. 
Germinalion of seed after 1 year of storaj;:e (sample 758523, fig. 12) 
was more than 90 percent and was practically completed in 14 days 

410044 - 41 -- 2 
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at 20® to 40® as woll as at 20® to 80^^ with li«:ht, and at 20® to 35°. 
At 15® to 25® (samplo 758523, 13), the l-year-old seed germinated 

h'ss than 50 perc*('nt and tlie 2-yoar-old s(hm 1 loss than 80 percent, in 
50 days. It was lad until the s(»ed had been held in dry storage for 
3 years that g('rinination was fairly })rompt and complete at this 
temperature, althoinrh at the other germination temperatures used 
there was no furtlua* change' in response after the first year. 

Prechilled Seed 

The results of germination of the se(*d of Diqifaria sanguiualls after 
prechilling were erratic. Sample 758523, collectetl in 1935, showed 



Fkujue 13.— CiuiiiKo of fu^rmi nation res])ons(‘ at 15^ to 25'^ (' of scod ol DKjitana 
mngmnnliii .stored over ii ])oriod of 3 years with tests at. vf'arlv intervals. 
Sample 758523. 


ess(‘ntially the same j)ercentage of germination after prechilling for 1 
jind for 2 weeks as without such treatment. WIk'U tlu' seed was 2 
months old, prechilling for 2 wrecks brought about a distiru't hasttuiing 
of germination, but treatment for 4, 8, and 12 weeks caused distinct 
injury, resulting in progressively low-^tu* ])ercentages of final gt'miina- 
tion as the period of chilling w'as lengthened. 

Th(' results of prechilling on sample 761849, collected in 1936, are 
presented in table 7. Prechilling the freshly harvested seetl for 2 and 
for 4 wHH'ks caused a small but definite increase in early germination, 
l)ut there was a distinct tendency for the later germination to fall 
below^ that of the control. The older seed was definitely stimulated 
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by proclulliiit!; for 2 and 4 W(‘oks. hi l)olli instances there was dcfinitfi 
injury from treatments longer than 4 w(»eks. 

Table 7.-- Effect of prcchilbrig at E on germination at to >"^5° alternation of 
seed of IHgitaria snnguinahs when tested inunediatelg after harvest and about 
J months later 
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Th(‘ r(*sults of precliillin^ se(*d collected in 19‘kS fsam])le 7()98r)7) 
at monthly intervals after harvest are ^iven in table S. The relative 
in(‘r(‘ase in the (‘arly germination caused by ])rechillini; for 4 weeks 
is shown in li<!:ure 14, based on pnmination in oi) days (tables 5 and 8). 

'Tnhle S- Summonf of genmnation of seed of higitana sanguinalis^ after pn- 
chilling at for Jf uueks, tehen listed at successive piviods after harvest 

lSuriii)lc "fKi.")?, collectiMl Sept 8, l<W8 100 s<‘e<ls used in each Icsf] 
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t Figures in pan'iitliesos after final percentage sliow percentage of apparently sound seed remaining when 
test was discontinued. 
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By the time the seed was 8 weeks old germination of the seed prechilled 
4 weeks was above 90 perc(‘iit after 28 additional days at 20° to 85° C., 
whereas <^erniination of the nnchilled seed was about 40 percent. 
The test, started 7 months after harvest, was the first in which scchI 
without prechilling germinated above 90 perciuit in 50 days. The 
results in table 8 show that germination after prechilling was (piicker 



Figuhe 14.— Relative increase in early germination (50 days) of seed of IHgitana 
sanguinnlis after prechilling at 8® C, for 4 weeks j)rior to genninating at tuo 
teinp(?rature alternations when tested at nine successive api)roxiinatel 3 ^ inonllily 
intervals. Sample 769357, collected September 8, 1938. 

4> 

and more complete at 20° to 35° than at. 20° to 30°. Tn both series 
no definite exposure to light was given, but light was not (excluded. 


Miscellaneous Obsekvations 

In the germination tests of Digitaria sangvinalis discussed above, 
the substratum was moistened with water. In most instancies com- 
parable tests were made with the substratum moistened with a 0.2- 
pcrcent solution of potassium nitrate. The effect of potassium nitrate 
solution was variable; ^no definite or consistent effect was observed 
except a stimulation of mold development even greater than with D, 
ischaemum. 

In contrast to the result with Digitaria ischaemum^ there was a 
definitely beneficial effect of light on the germination of seed of D. 
sanguivalis. The results in table 4 and figure 8 for freshly harvested 
seed show that germination of sample 761849 was mucli faster and 
better at 20° to 30° C, with light than at the same temperature with 
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light excluded by enclosing the tests in a tin box. Table 4 also shows 
faster germination of samples 758523 and 761849 at room temperature 
to 35° than at 20° to 35°; in this comparison th(^ temperatures for the 
longer period of the alternation, although similar, are not identical. 

Tlu^ eflect of (exclusion of light when tin', seed was tested approxi- 
inately 3j^ months afteu* harv(‘st is shown in figure 15. The benefit of 
light is marked at 20° to 30° (b, but at room temperature to 35° the 
difference in germination bedweem light ane] dark is not so great. 
When this same* sample was te^sted 1 year after harve‘sl (fig. 12) about 
80 p(rc(‘nt of the* se‘e*els germinateel e^c|ually we*ll in the light or in the 
dark, but the* re*maine]er e)f the see*ds gerininateul we*!! in the light anel 
ve*ry slejwly if at all in the elark. The re*sults with sample 769357 
te^ste*el at inte‘rvals afte*!* harve*st (table 5) show rather cemsistently an 
earlier start eif gerniinatiem at 20° to 30° without deifinite light e‘X})e)sure 



Fkiuue 1 f).- -Pro^ri'Sh of gormiiialion of simmI of Digitaria sanguinalis at two teinper- 
atiiro aUoriiations, with liglit ami with li^hl excluded. 8aiuplo 758523, col- 
lected Septeuiber 23, 1035; test^; ^tartetl .lamiary 13, 1936. 


(except some light from e*lee trie lamps used to heat the chambers anel 
semie light aelmitteel during transfer' of tests and during counting) than 
at. 20° to 30° with light. However, with a definite light e*-xposure, 
later germination was more rapid and final germination percentages 
usually were higher. The*se two series e)f tests were in entirely elif- 
ferent chambers, anel elifre*re*nces in liiunidity and variable*s other than 
light may have influenced the results to some extent. 

Treatments of seed of one sample with e'oiicentrated sulfuric acid 
for various periods from minute to 3 minutes brought about an 
earlier start of germination than that which took place without acid 
treatment. 

DISCUSSION 

Probably the most striking feature of the germination of these two 
species of Dlgitaria is the extremely slow but steady germination of the 
freshly harvested seed under the most favorable conditions. In general 
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more than 100 days was required for 80 percent of the sample to g(*r- 
miuate, and 19G days w^ould seem to be tin* shortest time in which one 
could expect comphdion of germination. In contrast witli this ex- 
tremely slow geiniiiiation of se<‘d freshly harvested, S(hh 1 tliat was 
1 year old germinated rather rapidly, germination being completed in 
7 to 14 days. 

Both spe(*ies of Digifaria germinated very little at the various (con- 
stant temperatures tricul and seemed to ncquire daily temperature' 
alternations. Liebenbei’g (11) in 1884 appears to have been the first to 
(mil attention to the value of definite daily alternations of tempera! iiih' 
in seced germination. Since then many have' shown the nee'd of 
alternating teunperatures for germination of many kinels e^f seeds. 

With freshly liarvested seed the're wms a distined diffe're'iice in the* 
response of the two species to the different tempera t.ure conditiems use'd. 
With seed of Digilaria ischaemuw diflerence'S in the length of incubation 
time before germination started were a striking fe'ature in the' re'Sfxujse 
to the Umperature alternations 20° to 40° C., 20° to 35°, and 20° to 
30°. On the othe^r haneh se^ed of I), sa/nguinalis did ne)t she)W' iniicli 
dilferemce in the incubation perioel, but the rate e)f ge'rmination was 
markedly affected by germination tc'mperature. Thee alte'ruation 20° 
to 40° was distinctly favorable for a large proportion of tlie seeds of 
each sample of T). ischaemurn; but at this alternation set'ds of I), 
sanguinalis had a long incu]>ation ])eriod, a slow" rate of germination, 
and a low total germination. The alternation 1 5° to 25° w as distinctly 
unfavorable for both species, but (^sjx'cially wso for I), sattgnina/ts. 
The definitely beneficial (*lTect of light exjxisure for Hit' germination of 
D, sanguinalis affeeded the results of the temperaturt* studit's with this 
species. It would appear that the alternations 20° to 35° and 20° to 
30° were equally good, but that light was luxx'ssary for full germination 
at eitlu'T temperature condition. Tlic small amount of light from tin' 
lamps used to lu'at the chamlx'rs greatly incn'astul gt'rmination over 
that obtaiiu'd when light \vas totally excludetb but it was not suificient 
for rapid and complete germination. It is jiossible that the very low 
results at 15° to 25° with I), sanguinalis w-enc dm* in part to the small 
amount of light in the chambers at tlit'se lowt'r temjiera tint's. 

The beneficial effect of dilute solutions of nitrates usually has tx't'ii 
associated with the beneficial eflecd of light, although many t'X(‘eptions 
have been noted in tlie littr-ature. No t'xplanation is ollert'd for the 
retarding influence of potassium nitrate on gt'rmination of IHgiiaria 
ischaemurn at higher temperatures and tht' stimulation at lower 
temperatures, nor for the appanuit lack of consisttiiit influence of 
potassium nitrate on the germination of 1). sanguinalis although this 
species is benefited by light exposure. 

It has been recognized generally that the seeds of a sample may not 
respond alike to germination conditions. This fact is illustrated by the 
present results, ('specially by the favorable response of a large projx)!- 
tion of the fresh se('ds of IHgiiaria ischaemurn to th<' 20° to 40° C. 
alternation and the decidedly unfavorable lesponsc' of a small propor- 
tion to tliis temperature comlition. This small portion gave a slightly 
more favorable response to the 20° to 35° alternation. At 20° to 30° 
the rate of germination began to fall after about one-half of the seeds 
had germinated. Aside from the long period of incubation before the 
start, of germination, the most striking feature in the progress of 
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s^eriuiuatioii of llitso two spocios is p(‘rbaps the variable proportion of 
resistant schmIs at. tin', ditleront temperature (‘.onditions. 

Haasis (6*), Edwards (/J), and Livingston and Haasis {12) have sug- 
gested that a giv(^n lot of s(*eds might be s(‘j)a.rat('d into pliysiologieal 
classes on the basis of differi^ices in rate of germination. "I'lie results 
presented in this papiT indicate that the proportions in tlu' dilb'reiit. 
cla.ss(‘s would vary gnaitly with lh(‘ tenijierat un* conditions of germi- 
nation. 

Both species of Digitaria- showed a markc'd changi' in the progn'ss 
of germination as tin* si'cd aged. This change' was (‘vident first as a 
shortening of tlu* incubation period b(*fon' gt'rniination, and late'i* as 
a marked increase in tlu' rate of ge'rmination. Even at tlu' most 
favorable' temperature' conelitiem feir e'ae'li spe'cie*s, a certain pre)[)oi- 
tion e)f the fiTshly harve'sted se'e'el (20 to 40 perce'iit) was ve'iV re*sistant 
te) ge'rmination, but as the seeel age'd this preiportion bec'aine' smalh'r 
until at about S memths afte'i* harve'st only o to 10 ])ercent we're' re'sist- 
ant. Altheuigh see'el of 1). .^fniguinalis 1 tei 8 months edd starte'el te) 
germinate' much more' ejuie^kly than fre'sh see'd, the're' was a sugge'stiein 
that a small jireipeirt iein of this slightly oleh'r see'd was nie>re' re*sistant 
to ge'rmination than the fre'sh see'el, as is slie)wn in figure 10 anel table', o. 

With many kinels eif se'e'els that germinate' reaelily, the ge'rmination 
re'sj)e>nse* te> te‘in|)e'rature may be similar te) the' growth re*sponse‘ e)f the 
se'e'ellmg, as woulel se'e'in to be the' e'ase' in the' rt'sults pre'se'iite'el by 
Haasis (U) anel by Eehvarels io). On the e)the'r hand, many kinels e)f 
se'e'els re'eiuire' s[)e‘cial e'einelitieins fe>r the initiation of the' ge'rmination 
preice'ss that may Inne no edeise re'lation to the' gre)\v tli re'speinse e)f the' 
se'e'elling. The diffe'i-ene-e' in the jireigress of ge'rmination at the' vari- 
e)us te'inpe'iature' ce)nelitions e)f fre'sh se'C'd e)f l)e)tli sjie'cie's of DUj'darUi 
vveiulel iiielicate' that a. major e'tfect of germination ce)nelitie)n was in 
e*e)nt re)llmg pivlimimny ediange's in the see'd m'ce'ssaiy for the' initia- 
tiem e)f g(*rmimitie>n. He)W’^e've'r, the' tvve) sjiee-ie's re'S|)e)nde'el \ ery eiiller- 
ently in this ivspe'e't to the 20® te) 40® (\ alternation. As the' se'e'el 
age'el it be'e*ame' h'ss si'usitive' to conditie)ns e‘e)nt.re)lling initiatie)n of 
ge'rniinatie)!!, so that by the time' the see'd was a year olel germination 
starte'el ])re)mptly under all the tempe'rature' e'onelitions use'el. At this 
time' the' small ditre'reiu'e' in re'sponse' te) temperature' e)bserve'el in the' 
ge'rminatie)!! e)f IK mum W’as due to elifi’erene'e's in greiw th rate'. 

'Fhe' se'e'd e)f />. sattguinal’os had mostly afte'rri])ene'd in 1 ye'ar when 
nie'asure'el by its irsponso to 20® to 4(1®, 20® to llo®, anel 20® te> 30® 
alte*rnatie)ns, with light; but at 15® te) 25® it was ne)t until the' se'e'el 
was 3 ye'ars e)lel that the rate and (‘omplete'iie’ss e)f germination e'e|uale'el 
1-ye'ar-olel se'e'd e)f 1), ischuemam, A small pe'rce'iilage' of the sce'ds of 
I), mngulnalis renpiiivel light for ge'rmination eve'ii afte'i* 1 anel 2 ye'ars’ 
storage. 

Prechilling the moist se'e’d at 3® i\ brings abe)Ut a epiicke'i* imtialie)n 
e)f the* ge'rmination procc'ss and a faste'i* rate e)f germination. Appar- 
e'litly tbe* j)re'li miliary edianges that, take place sleivvly in eliy ste)re'el 
seed or in seed he'ld \meler germinatiein comlitiems are* brought abe)ut. 
much more quickly in see'd lu'ld moist at a leiw' temperature'. Fre'sh 
seed of DigHarla ischaemum prechilled for S wc'e'ks geriniiuite'el at 20® 
to 35® almost as promptly as 1 -year-old see'el w ithout chilling, and the* 
jirogrc'ss of ge'miinatioirof 1-month-old se'cd afte'i* pre'chilling for 2 
wee'ks was similar to that of O-month-old se'e'd that hael not been pre- 
chilled. With fresh seed of I), ischaemum a short peiioel of chilling 
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caused a few seeds to germinate promptly, but the remaining seeds 
germinated about as slowdy as untreated seed and there was some 
indication that they were slower (fig. 3). As the seed became older 
or with a longer period of prechilling of fresh seed tin', proportion of 
seeds resistant to germination was smaller. Seed stored dry for 1 
month and then prechilled for 4 weeks germinated very much like 
untreated seed that had been stored dry for 6 months longer. Th(‘ 
variation in the condition of individual seeds of a sample is indicat(‘d 
by the response to different periods of chilling as w^ll as by the response 
to different temperature conditions. 

The germination results after prechilling were much more definite 
with seed of Digitaria uchaernurn than with seed of I), sanguinalis. 
The results with the latter species were affected by a definite tend- 
ency for injuiy to the seeds to occur during long periods of prechill- 
ing. It is possible that this injury is ndated to immaturity of some 
of the seeds and to the presence of fungi. With th(>i seed of />. san- 
guinalis used and under the conditions of these experiments periods 
longer than 4 weeks at a low temperature caused injury, and this 
period of treatment was not long enough to overcome the dormancy 
of all seeds when tested immediately after harvest. 

Davis and Kose {3) have shown that prechilling Crataegus seed foi* 
2 to 3 months brings about changes in the dormant embryo that 
initiate normal germination. Toole (14) and Wliitcomb (ih) hav(' 
shown that fresluy harvested cereals in which resistance to geimina- 
tion at higher temperatures is caused by the coats will g(?i’miiiate 
readily at higher temperatures after being prechilled for 5 to 7 days. 
The response of the seed of Digitaria to acid treatment as well as the 
response to chilling would indicate that the slow germination of fresh 
seed of these species probably is due both to coat restrictions and to 
embiyo dormancy. 

No study of seed structure was made, but llarz (.9) states that tin; 
coat structure of Digitaria sanguinalis is similar to that of Panicum 
miliaceum. The latter sp(3cics is not especially resistant to germina- 
tion. . 

In comparing the response of seeds to germination conditions the 
general progress of germination would seem to be a better guide than 
the germination attamed after any time interval. The optimum 
condition for germination may, as here, involve many factors, but it 
would seem to be best expressed as the condition at which germination 
progresses at the fastest rate and at which germination of the viable 
seeds is completed in the shortest time. 

Although the seeds of these two species of Digitaria show some differ- 
ences in their response to temperature, light, and dilute salt solution, 
they are alike in requiring certain changes in tlic coats or in the embryo, 
or in both, before^ germination starts. These changes take place very 
slowly in dry storage or when the seed is moist at temperatures suitable 
for germination. Such changes are affected to some extent by different 
germination conditions,* but take place most rapidly in the moist 
seed at low temperatures at which germination does not occur. 

SUMMARY 

The progress of germination of seed of the two crabgrasses Digitaria 
ischaemum and D. sanguinalis was determined under different condi- 
tions of temperature when freshly harvested and after various periods 
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of storage. Tlie eff(*ct of prcclullin^ the moist seed at 3^^ C. for various 
periods, as well as the elfects of li^lit and of dilute solutions of jjotas- 
sium nitrate, were studic'd. 

(lermiriation was more', or less complete at the four temperature 
alternations usc^d, 20° to 40° C., 20° to 35°, 20° to 30°, and 15° to 25°. 

Fresh seed of both species rcKpiirt^d a preliminary incubation period 
of 28 to 56 days before germination startiul; at least 196 days was 
r(K]uir(al for completion of germination. 

the seed ag(al in dry storage, the preliminary period was shortened 
and the rate of g(‘rminat ion increased. With l-yc^.ar-old secnl, germina- 
tion started promptly and was completed in 11 days or less. 

Frechilling th(» fresh seed of bolh species hastened the rate and the 
completion of germination. Preehilling for S weeks uas necessary for 
promjit germinat ion of fresh sihhI, but tln^ time required for prc'cliilling 
decreased as the seed aged. 

In a given sanqile, some sei^ls vv'ere atfected by germination treat- 
ment dilferently from others, and the proportion of the seeds stimulated 
or i‘(‘tarded varied with tin* treatment. 

Freshly harvested s(a‘d of Digltaria iscluKnvtm had the shortest 
incubation period at th(‘ 26° to 40° C. alternation, but a small propor- 
tion of the seeds was slovvca* in germinating at this temixTature than 
at 20° to 35°. At 20° to 30° the incubation period was longer and a 
larg(T ])roportion of the*, sam])le was r(‘sistant to germination. At 15° 
to 25° germination started at about the same tim(‘ as at 20° to 30°, but 
the rate of germination was slower and with sonu' samples germination 
was not complete.d during the jxu'iod of observation. 

Freshly harvested S(‘(*d of Digltaria ischaernurn germinateMl ])romptly 
and completely at 20° to 35° C, alternatiein after 8 weeks^ prerhilling, 
but after 2 and 4 wenhs’ preediilling a pejrtion of the sample was slow 
to germinate. As the* s(*e*d aged a shorter period of treatnuait was 
sufficient for preinqjt anel complete germination. 

Cie'rminat ie)n of fivshly harve‘ste*d seexl eif Digltaria sangvinalis was 
(‘sse*ntially the* same* at 20° to 30° C. anel at 20° to 35° alternations, but 
l)re)ceede*d at^ a slower rate at 20° to 40°. At 15° to 25° germination 
was very slow and incomple*te. 

The se*eel of Digitaria savguinalis used was injured l)y lemg periods 
of prechilling, so that maximum germinatie>n of fresh see*d was not 
eibtaine'd afte*r pre*chilling. After 1 month of dry storage*, prendiilling 
for 4 wee*ks was followed by fairly prompt anel complete germination 
at 20° to 35° V. alte‘rnatie)n ; and after 3 or 4 months e>f dry storage 
])rechilling for 4 weedis resulted in about the same rate of germination 
as was obtained with 1 -year-old seed without (^hilling. 

Treatment of the seed of both specie*s witli concentrated sulfuric 
acid reeluced the incubation perie>d of fresh seed, but not as much as an 
optimum period of ])re*chilling. 

Moisteming the sulistratum with 0.2-percent solution of potassium 
nitrate definitely hast(*ned germination of seed of Digitaria ischaernurn 
at. the 15° to 25° C. and 20° to 30° alternations, and definitely retarded 
it at 20° to 35° and 20° to 40°, but had no definite effect on the seed of 
D. sanguinalis. 

Total exclusion of light had no definite elTect on germination of 
Digitaria ischaernurn ^ but greatly retarded germination of Zh san- 
guinalis at 20° to 30° C. alternation and slightly retarded it at 20° 
to 35°. 
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INTERSPECIFIC GENETIC RELATIONSHIPS IN LACTUCA ' 


J^y Ross (\ Thompson, assi)CHit( horticuUurist, Thomas W . Wupiakek, gcmiiast; 

aiul WijHvIAM T. Kosah, student aide, Dirtsion of Fruit and Vegdable ('raps and 

Diseases, Ihireau of Dlanl Jndustrij, I'niltd Stales Department of Agriculture - 

INTRODUCTION 

For n lunnbor of yi'jirs tlio riiitc'd Stnios Departiiient of A^ri- 
nilturo lins roiulucted an oxtensivo letlnce-broodinii^ proj^rain. Tlic 
work has Ihhmi divid(‘d liotwoon tlir United States Hortienltural 
Station at B(dtsville, Md., and the United States Hortienltural Field 
vStatiou at La dolla, (^dif. 

Sinee Dilo, investigations have becai eondueted at the Beltsvilll(‘ 
station for the |)iir|)ose of loeating* ^enes for resistanee to tlie aster 
yellows virus in l(‘ttuee. In these tests ha\e been inehuled most of the 
varied i(‘s listed by AnuM'iean se<‘dsnien, as well as many strains re- 
(•(‘ived from forei^m sour<‘es throu<»:h the Division of l^lant Exploration 
and Introduetion. Many \arieties of the eultivated species Laciuca 
fydlira L. have IxMm ^rown to determine their resistance or suscej)- 
tibility to tliis virus. Since' no evielence of re\sistance was fe)unel in any 
e)f the varieti(*s te'steel, an e*\teaisive study was maele e>f wild species 
within the^ oenus Lactiira. Semie eleyirre'e eif re'sistance' to asten* yellow^s 
virus has l)een feiund in c(‘rtain e)f Ihe^ wilel specie^s in tests iiot yet 
repeirteal. 

For seve'ral years workers at the J^a de)lla station have‘ l)e'en stndyinj*: 
some of tlu'se w ild spee*ies in breenlin^’ lor ri'sistance' te) xarieiiis disease's 
anel feu* type's bedteu* aelapleal te> spea'ille* loe'alitie's. 

The (lue'stie)n eif the' ,ir(‘netic compatibility of the' \ai*ie)us species 
has naturally arisen. Ditliculty in liybrielizin^ seune e)r the w ild species 
with Jjictuca was e‘xpea*ted, owin^ te> the variatie)n in the chreuno- 

some number within the genus. Accoreling to Babcock, Ste'bbins, ami 
flenkins {J)f^ the ge'iius Laviuca inedude's s])ea*ies having S, 0, and 17 
])airs eif e*hre)me>seune's. 

Littles is known of the geuudie* e*oinpatil)ility e)f the spea*ie‘s e)f 
Laviuca. AVhitaker and dagger (.9) have re])e)rteel eui hybrielizatieui 
e'xperimemts cemlineal largedy te) crosses of L. fuaiica with other speaueis. 
Of nine inle'rspe'cilic creisse's attempleal, only two, L. sativa X L. 
Svrriohi (L. scarlola)^ anel 7^. (irantiulfulla^ X L. canadi u si remhexl in 
feudile seeal. In both e)f tlie'se the leybriels ])roved te) l)e fertile. 

This pa])e'r is a je)int repeirt of the re*sults e>l)taineel in interspe'cific 
hy])rielization in Laciuca. at the statieins at Beltsville anel La Jolla. 
Jn the* investigations he*rein re'porteal, numcre)us interspea'ific cre)sse*s 
not jn-eviously re*porte*d were* made*, with re*sults tliat cast some light 
upe)n the relatie)nshi]) of certain s])ecie's within the* ge*nus. 

1 Uoct'ivi*a for publication March 18, UMl. 

^Thd writ ITS arc mdebtod to tin* I >i visum of I’liuit K\.pIoratiunuiid Intiodncfion.aurcnii of I'lant Industry, 
lor supi>!yinii!: much of the sjn'cics matcrml usiul lu the in\t*siii.'atious hcicin rcpoitcd. Thanks arr extended 
(oG.L Siobbin.'»,.)r., Division of Genetics, University of Califoima, for material sup]>hedand foi identitymit 
some of the spi'cies, and also to S F Blake, of the I)ivi.siori ol Blunt Kxploiation and Inlioduetion, for 
assistance in identilj nift some of the species 

Italic numbers in parentheses refer to lateiature (hted, p, 107 

^ M'he wnters ha\e Wn informed by Di S. F. Blake, of the Divisum of Plant FAploration and Intro- 
duction, Bureau of I’lant Industr.v, that the siu'cies Rcnerally culled Ldctuca minotu U shouhl be listed as 
L. nerrwla L on tbe evidence that lannaeus’ fust classifieation used the lattei name This sufipestt'd eliaimt' 
in the name of the species is supiiorled by Dr G. L Stebbin.s, ,lr , of l he Depurlinenl of Geiieties, I m\ iTsit > 
of California. 
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MATERIALS AND METHODS 

The materials us('d in the interspecific*, hybridization studies made by 
the writers were obtained from the followinj}; sources: 

Lactuca aliaica Fisch. and Me\., from Egypt, through Division of Plant 
Exploration and Introduction. 

L. mtiva L., from private stocks. 

L. serriola L., collected in the District of Columbia and Maryland. 

L. serriola var. integratn (Gren. and Godr.) Farvvell, collected in the District of 
Columbia and Maryland. 

L. indicn L., from China, through G. L. Stebbins, Jr. 

L, indica L,, from China, through Division of Plant Exploration and Introduc- 
tion. 

L. laciniata (Houtt.) Makhio, from Asia, through Division of Plant Exploration 
and Introduction. 

L. tatarica (L.) C. A. Mey., from Cap d’ Antibes, France, through G. L. vSteb- 
bins, Jr. 

L. raddeana Maxim., from Union of Socialist Soviet Republics, through Division 
of Plant Exploration and Introduction. 

L. vtrosa L., from Amsterdam, the Netherlands, through Division of Plant Ex- 
ploration and Introduction. 

L. virosa L., from Surrey, England, through Division of Plant Exploration and 
Introduction. 

L. virosa L., from Stockholm, Sweden, through Division of Plant Exidoration 
and Introduction. 

L. canadensis L,, collected in Maryland. 

L. graminifolia Michx., from South Carolina, through J. li. Norton. 

L. flondana (L.) Gaertn., collected in Maryland. 

L. saligna L., from Ohio, through G. L. Stebbins, Jr. 

L. spicata (Lam.) llitchc., collected in Maryland, Virginia, and Pennsylvania. 

L. perennis L., from Wayside Gardens, Menior, Ohio. 

L. bonrgaei (Hoiss.) Irish and Taylor, from England, through Division of 
Plant Exploration and Introduction. 

L. crciica Desf., from Africa, through G. L. Stebbins, Jr. 

L. chondrillaeflora Bor., from France, through Division of Plant E\j)lorati(»n and 
Introduction. 

In the work at Beltsvillc, all of the plants used for crossing purj)osos 
were grown in 10 inch clay pots in a closely screened greenhouse. 
At La Jolla the plants were grown outside and the Howei*s were covered 
after pollination to prevent contamination. 

Some difficulty was met in bringing the different species into flower- 
ing at the same time. Some of the speci(*-s are annual and some bien- 
nial or perennial. Species that were fquiid to be easily grown were 
planted at successive dates so as to liave the plants in flower almost 
continuously. 

In making the crosses, the commonly used technique of pollen removal 
by water, described by Oliver (f>), was employed. 

Diseases and insects caused difficulty in growing the numerous 
species under the same environment. Some species are very suscepti- 
ble to disease when grown under glass. Lactuca canadensis is sus- 
ceptible to mildew when grown during the winter months, and several 
species of the serriMa group are susceptible to crown rot during 
cioudjr, damp weather. ^ X. laciniata is very susceptible to in juiy by 
red spider and a number of foliage diseases. 

RESULTS 

The results of the interspecific cross-pollinations are summarized in 
table 1. 
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Table I- -Summary of data on interspecific hybridization in Lactuca ^ 


At Boltsvjllo, Aid. 


At Lti .lollu, Calif. 
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() 
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O 
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X 
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() 
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o 
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() 
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X 
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() 
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o 
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N 
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O 

0 
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0 
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X 

X 

I 
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X 

X 

I 
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X 

\ 
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() 
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o 

\* 

i 

\ 

X 
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\ 

X 

' 
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() 
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() 
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N 

X 
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\ 
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(> 
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() 

C 

j 

\ 
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O 

{> 

< 

X 
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I 

mil rafts (9) 

() 


! 

X 

X I 

L. taddtana (9) . - . * 

() 

I T 

t 

X 

X 

I 
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^ Key to letter symbols: 

F, the hybrids obtained wen> self-fertile. 

N, the cross was not atteiiipt.(*d. 

O, cross was attempted but failt'd. 

J^F, th(' hybrids were only partly fertile. 

S, Uie hybrids obtained were self-sterile. 

T, hylirid aeedlinjss were obtained. 

II, hybrids were obtained, but fertility is not yet known. 
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Tahle 1.^ Svmmarif of data on infers pen fir hyhridizalion in Laciuea- Continuod 


Spoc’ii'i? Mn(J Tmm))(’r of 
chrorDosomrs 


L jmemnin 

1j tiidicn (9) 

L cretica (>>).. 

L crefien (S^X 
A. ifuliai (9) 

L. raddeavn (9) 

A. rtrom (9) 

A (frnin) in folia . 

A raddf'ima (9) X A tudica 
(9).. 

A cttiindnno'i (I7)X 
A, lataricn (9) 
nniTuli^ (9) 

A. ffnndann (17) 

A spicatn (17). .. 

A, riiddennii ( 9 ) 

A qrainnn folia (17)X 
A ranadfimi'i (17' 

A inrfrra (9) 

A. hmnUita (9) 

A raddeoua (9). 

7/ minnliH (9) 

7v. floridanu (17) 

L. lataricn ('ll) 

L. floridavn (17)X 
L bourqaei (H) 

L ivdica (9i 
L r added nn (9i_- 
L ftfucata (11) X 

L qramnnfoha (17) . 
L.tndicn(^) . .. 

A, talartca ( 9 ) 

A. rnddennn (9).. 



Of tlu‘ SI cTOss-polliiiatioiis imported in this pafx'r, otily 29 were 
siKTOSsfiil. Only 10 of tho 29 snocossfnl crossos j)ro(liir(Ml IVrtiU' 
onihryos and (3 of those* w(*n* partly s<*lf-st(*nl(*. Slorility of tin* hybrids 
in most casos in(*ans solf-storility ; in only a few eases \v(*n* the hybrids 
tested for sterility by baekerossing or (niterossinfx. 

Tin* character of plants ()btain(*d from these int(*rspecific crosses 
varied greatly. In some cases, as in Latfuca i<j)icataXL. gramlnifalla, 
L. laclniafa X L. jlorUlana, L. gramnii folia X L. raddearia, L.gramhn- 
olia X />. mvralisj L. cavadenfiiE X L. raddearia, L. splrafa X L. tafariea, 
L. foridaria X L. raddeana, tin* hybrids wen* all w(‘ak, al)normal, 
freakish plants, unable to survive lM*yond the sec'dlin^ stage. wSome 
of these weak hybrids had veiy abnormal l(*aves, in some cases long 
and narrow, almost grasslike. In many instances tln^ stem ap('x 
appeared to be incapabh* of growth and elongation. Som(‘times the 
growing point b(*cam(* enlarged. 

In some cases the hybrids were all normal exc(*pt for s(‘lf-sterility. 
Where it is stat(*d that the liybrids were strong or vigorous normal 
plants, r(*i(*ren(*e is made to the general appearance of the plants. 
The hybrids ai’c indicated as normal if they developed with a fair 
amount of vigor and showed no tendency to bo freakish, even though 
they were self-sterile. 
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In n niiml)(‘r of instiiin'cs the* hybrids n‘sii]tin^ from a rross vuri(‘(] 
from v(‘ry w(‘ak abnormal plants to strong normaI-a.p])('aring on(‘s. 
vSiifli variation was notc'd amon^ tin* liybrids from Laetuca tatarica X L. 
Indica, L. florldana X L. tatarica, L, pramin [folia X L-foridana, L. 
ca/naxlensis X L. indica, L. canadensis X L. tatarica, and L. indica X L. 
laciniaJa. Ev('n though most of thr hybrids from th(' last-named 
cross W('rc strong’ normal ])lants, prodiicinp; f(‘rtilc s(‘cd, two abnormal 
freaks appeared in the Fi fiopulation. 

(’ROSSES BETWEEN NINE-CHROMOSOME SPECIES 

Lactuca satira (9) \ L. sirriola (9) (fi<r. 1, -1). — This is on(‘ of the 
thr(‘e snec('ssful cross(‘S mad(‘ with the eullivat(*(l s])(‘ei(‘s, L. satira. 
L. satira and L. svrriola cross n^adily, and the iTSiiltin^ hy})ri(l pro- 
(luc('s f(‘i‘til(‘ s(M‘d, n'^ardless of which s]>eei(‘s is ns(*d as the maternal 
parent-. 

(^j‘oss('s b(*tw(‘(*n th(‘S(' lv\o sp(H*i(‘s hav(‘ Ix'eii rc'ported previous’y 
by Durst (2), Ernst -Schwarzcnibach (,!?), Whitaker and fla^^er (.9), 
and Thompson (<V). In tin' pres(mt stndi(‘s Lactnea satira was crossi'd 
with both lobed and nnlobed forms of L. srrriola. Th(' Fi hybrids 
b(9w(‘(‘n th(\s(‘ two s|)(‘cies are strong vigorous plants in vvhicli the 
charactiM’istics of L. s(rriola ])r(Rlominat(*. 

Lactnea satira (9) L. altaica (9) (fis?. 1, /f).— R('ciproeal (*ross(‘s 
W(‘i‘(' ('asily obtaiiu'd betwcMm th(‘S(» speci(*s. L. altaica is a wild typ(' 
from E^yjjt. Th(‘ F] plants w(‘re vigorous and in many (‘haracUa’s 
I’esianbh'd th(‘ altaica pariait. The pro^(mies wen' hii^hly h'rtih'. 

Lactnea satira and L. altaica wow probably derivcal from L. srrriola ^ 
sin('(‘ thi'V hav(‘ tin* same chromosome numlaa*, cross nauhly, and are 
similar to L strriola in a <j:r(‘at many morphol<\£i:ical charaetia's. 

Lactnea satira (9) A. rirosa (9) (fi^. 1, (\ This cross was madt' 
by pollinating flowiM's of L. satira var. ImpcTial I) with pollen of L. 
r’n'osa. Six Fi plants W(‘i‘(‘ prodnccal. Repeated attempts to obtain 
lh(' n'ciprocal cross resnltc'd in failur(‘.. In most inspects tlu‘ F, 
plants W('r(' approxirnatc'ly int(MTnediat(* betwi'en Imperial D and L. 
rirosa. They w<'r(* excinalin^ly vigorous, some reacdnnjx a heij^ht of 
over 12 ha't. Tin* annual habit of Impi'rial D was dominant, and 
there wais som(‘ pi,i>:m(*ntation in the stem and midrib similar to that 
found in L. rirosa; howiwer, there was no pigmentation of tln^ J(N‘if 
blad(' |)rop(n‘ as is characteristic of L. rirosa. Like ImpcTial D, the 
under surface of the midrib of tin* half wais free of spines. All Fi 
plants were completcdy sterile. Attempts to backcross the Fi hybrids 
to both pannital sp('ci(‘s resiilUal in failure. Many attcunpts at 
Ih'ltsville to cross l]ies(' tw'o sp(H*i(»s both ways faihal. 

Lactuca tatarica (9) X L. laciniata (9) (%. 1, />). "Ri^ciprocal 
hybrids w’^ere obt-ainecl between these two spc'cies, Twai populations 
of liybrids w^ere ^rown. The hybrid sca'dlin^s in both (aises vrero 
wry w^eak, the basal leaves havinjr a tendency to turn yi^llow and fall 
off, leaving only a h^w tt*rminal heaves to (‘arry on growth. As the 
stcans elongatcii, more of tin*, low^er heaves turmal yellow^ and droppi'd. 
A few" ])lants w'^ere growm to a height of 1 to 2 fe(‘t and almost to tlu' 
flow^ering stage, but in (wery cast* the plants died before jiroducing 
flowers. Many of the characters of tlu' L. tatarica parent predominat ed . 

Under greenhouse conditions at Bi'ltsvilh^, Lactam tatarica W"as com- 
pletely self-sterile. Under field conditions L. tatarica set seed at both 
Ihdtsville and La Jolla. 
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Lactuca indica (9) X L. lacimata (9) (iig:. 1, E )> — Rociprocal cj'ossos 
botwcHMi tli(‘so spcH*i(»s w(‘ro siicct^ssful ; liowc'vc^r, the cross is more 
('asily made by iisin^ L, Idclnlata as th(' rnatc^riial parent. Tln^ flowers 
of L, indica are easily injured in handlinjj; while removing the pollen; 
henc(^ it is Ix'st us(h 1 as tlu' pollen parent. Two weak, abnormal 
])lants appeanul among tlie hybrids. 

The normal Fi ])lants horn Lactuca indica, X L. laciniata, were larger 
and more vigorous than eitluM* parent. Tlu* F| plants have many of 
the eharact(‘rs of L. indica and look much like this parent. The 
hybrids were highly f(*rtih‘ and ])roduced abundant seed. 

Th(' F, hybrid was backcrossed with each of the original parents. 
Backcr()ss(‘s witli th(‘ par(*nts W(U*(‘ obtained by pollinating Lactuca 
laciniata with liybrid poll(*n aiid by pollinating flow(*rs of th(‘. hybrid 
witli polhui from L. indica. In both cases th(‘ progenies were fertile. 

M(U*i‘ill (4) <*onsid(‘rs Lactuca indica and L. laciniata to be synony- 
mous. The results obtaiiu'd from crossing them indicate that L. 
laciniata should b(' class(‘d as a variety of L. indica. 

Lactuca raddeana, (9) X L. tatarica (9) (fig. 1, F).- Ten hybrid 
[)lants r(‘sult(‘d from numerous crosses made betw^een these two 
specie's. No hybrids w"(‘re obtained when L. tatarica was used as the 
maternal parent. Tin* L. tatarica, plant used in the cross w'as old and 
in a very w’^iMi.k condition at tlu' time the* crosse'S w<‘re made. This 
may ac(‘ount for tlu' failure to obtain hybrids when L. tatarica, was 
us(‘,d as the moth(*r plant. Of the 10 hybrids, S were w'(*ak deformed 
plants and died wdiile small. The normal hybrids w'en' vigorous and 
larg(‘r than eitlu'r panmt. In the rosette stages tlu'y appeannl to be 
intermediate' b(*tw'(*t*n th(‘ pareuits. The hybrids had a marked 
tend(*ncy to stool and produce'd nume'rous stems arisingfrom the crowm. 
Th<‘ hybrids w'^ere all se^lf-steu-ih'. 

Lactuca taddeana (S))XL. indica (9) (fig. 1, (H). — From a small 
population of plants grown from see'd obtained by (Tossing L. indica 
on L. raddeana, two hybrids were obtaiiu'd. Attempts to obtain the 
]*e*ciprocal cross failed. In general appe'arance the hybrids more 
lu'arly re'si'inbh'd L. indica than L. raddeana, but were h'ss h'afy and 
had longer intiTiiodes. The leaves had the dark-green color of 
L. indica. Neither hybrid plant show^t'd any tench'iicy to branch 
just above th(' crown as did tlu' L. raddeana parent. The heads were 
intermediate* in number of Aowhts ])er h(*ad. L. raddeana is biennial 
or pen'nnial, and L. indica is an annual. Tin* hybrid flow (Ted without 
ov(*rwintering. 

Tin* hybrids W'cre at first thought to be (Hirnpletely s(*lf-st(Tile, but a 
few h(‘a(ls on (*ach plant s(‘t seed Iat(' as the ])lants were on the verge*, 
of dying. It was found n(‘c(*ssary to harv(*st tin* seeds a few^ days 
before they wen* mature and to germinate them immediately. If 
the s(*(*ds we*re permitted to ripen coinpletc'Iy on the plant the embryos 
shrivel(*d and di(*d. No progeny w^as obtaine'd from mature seed. 
A few^ plants are now being growm from seed harvested prematurely. 

Lactuca tatarica (9) XL. indica (9) (fig. I, H).— Seed set very readily 
in flower heads of L. tatarica to wiiich pollen of L. indica wuxs applied. 
The reciprocal cross was also obtained. Several populations of hybrid 
plants have Ix'en growm from crosses between these two nine-chromo- 
some species. A large number of the hybrids have been grown to 
maturity, but all were compleUdy sterile. In each population of 

410044—41 a 
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hybrids lh(*ro won* « niimbor of vory woak nmlformod plants. Sonio 
of those wove i^rown in i)ots for several months, bnt in every cas(* th(*y 
died without produeinj? a seed stem. 

In j?(*neral appc'aranee tin* hybrids res(*mbl(*d Lactuca tMarica. much 
mon* than L. indica. The foliage had the gray-gn'en color of L. ia- 
iarica, although the flower heads were a little smaller and the corollas 
a lighter blue. 

CROSSES BETWEEN IT-CHROMOSOME SPECIES 

Ijictuca canadensifi (17)XL. florulana (17) (fig. 2, ^4). Flowers of 
L, canadensis w(*re pollinated with pollen from L. floridana. From 
the s(‘(*d obtained 15 plants wen* grown, 3 of which were weak and 
very deform('d. Although k(*pt in pots for sevt*ral months, th(*y 
failed to develop. The remaining se(*dlings wen* strong and vigorous. 

Although both th(' species used are normally bi(*nnial, two of tlu* 
plants d(*veloped seed st(*ms the first season and both prov(*d to lx* 
hybrids. Both plants were strong and vigorous, but they wen* no 
taller and no heavier stemmed than L. canadensis and indicated 
little hybrid vigor. In general app(*aran(*e they were int('rm(*diate 
between tlu* two pan*nts. The flowers were intermedia^* in size*, and 
the corollas were blue of a little lighter shade than those of L, floridana. 

Both hybrid plants were partially self-sterile, although botii pro- 
duced a few seeds. An Fo population is b(*ing grown. 

Lactuca graminijolia (17) X L, canadensis (17) (fig. 2, B and T). - 
This cross can be readily made in both directions. The F] |)lants are 
intermediate betw(*en the two species in most n*spects, including 
height, size and shape of leaf, color and shape* of ligules, and color and 
size of achenes. The writ(*rs’ observations indicate* that the* annual 
habit anel the gray color of the pollen grains of L. graniinifolia. are* 
dominant over the biennial habit and the* orange*-colored polle'U eif 
L. canadensis. The Fi was as fertile as eithe*r j)are‘nt. 

Lactuca canadensis (17) X L, spicaia (17) (fig. 2, />). -From a 
population of 25 plants grown from seed re*sulting from this ci'oss, w ith 
L. spicaia as the pefllen ])ar(»nt, 20 hybriels W(*re obtaine*d. In the* 
rosette st age the hybrids re^sembled L, spicaia more* than L. canadensis. 
The fertility of the hybrids is not known, since* neine have reae*he*d the* 
fkwering stage. The re*ciprocal cross^was easily obtaineel. 

Lactuca rnorssU Robinson, as (lesci%e*el in Clray’s Manual (7), is 
generally considere*el to be* a hybrid betweeti L. spicaia and L, canaden- 
sis, This form is found at low eh*vations in parts of Maine anel MaSvSa- 
chuse*tts. Wiegand and Eam(*s {!()) re*pprt natural hybrids betwe*en 
th(*se tw^o specie*s occurring in the wild in N(*w" York State. 

Lactuca spicaia (17) X L. graminijolia (17)."-Eightee'ii hybrid 
plants were obtained from this cross, L, grammijolia being used as the 
pollen parent. All of the hybrids were abnormal, weak plants unable* 
to survive beyond the seedling sta^e. The recipi*ocal cross faileel. 

Lactuca grarninifolia (17) X L.jlorukina (17) (fig. 2, ^). “-Rt*ciprocal 
(*ross(*s were obtained 'between tlu'se two species. All of the 17 hy- 
brids produced by using L, graminijolm pollen weuy weak, abnormal 
plants. Of the 22 hybrids obtained by using L. fioridana as the pollen 
parent, 11 were abnormal and freakish and 11 w\*re normal. The 
plants that flowrered were partially fertile. 
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Fkji'hk 2. .t, Stoia leaver of («) Lactiica canadensis var. latifaha, (b) L. cana- 

densis var. latifoha ' L. JlondanUj Fj, aiul (c) L, ftoiidana; li^ stem leaves of 
L. graminifoha, (b) L. gramniifoba \ L. canadinsis \ar. latifoha, Fj, and 
(r) L, canadensis var. latifoha; (\ rosette leaves of (rr) L graminifolia, {b), L. 
gram nil folia \ L. canadensis var. integnfoha, F,, and (r) ]j. canadensis \ar. 
integi ifoha; I), rosi'tte l('ave-< of {a) L. canadensis \ar. latijoha, (b) L. canadensis 
var. latifoUa L. spicata, Fj, and (r) L. spicata; hJ, rosette leaves of (a) L. 
graminifoha, (b) L. giarninifoha \ L, floridana, F,, and (r) L. flondana; F, 
.stem leaves of {a) L. iatarica, (6) L. taiarica X L. flondana, P'l, and (r) /v. 
flondana; G, stem leaves of (a) L. canadensis \ar, latifoha, (6) L. canadmsis 
var. latifoha x L. taiarica, Fj, and (c) L. tatarica; II, stem l(*a\es of («) L, 
gratnmifoha, (h) L. graminifoha X L, iaianca, Fi, and (c) L. taiarica. 
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CROSSES BETWEEN 9- AND 17-CHROMOSOMB SPECIES 

Lactuca tatarica (9) X L. floridana (17) (fig. 2, F), — i. tatarica, an 
annual spc'cies having 9 pairs of chromosomt's, was used as the maternal 
pan^nt in a cross with the biennial species L. floridana, having 17 pairs 
of chromosomes. Both of these species are blue-flowered. The 
flowers of L. tatarica are much larger than those of L. Aoridana and 
the anther sheath is less pigm(Uited. Both have pinnately lobed leaves. 

Eight hybrid plants w^'ere grown from th(‘ seed obtained from the 
(U’oss-pollinations. All wert' self-sterile and behaved as annuals. As 
in most of th(» (‘as(‘s of self-sterility observc'd in Lactuca, thes(‘ {)hints 
continiK'd to grow and produced flo^vers over a long period. 

Tin' hybrid plants showed marked hybrid vigor in tin' rosc'tte stage 
but did not dc'velop extremely large seed stems. The flowers wow 
blue and about the same size as those of Lactuca tatarica. Tin' dark 
pigmentation of the anther sheaths in L. floridana was dominant. 
The leaves were a gray green similar to those of L. tatarica, but tlu'y 
were much largc'r and broader than in either parent. Tin' annual 
habit of L. tatarica was dominant. 

Cytological examination of root-tip material showed tin' somatic 
cells of the hybrids to hav(' 26 paii*s of chromosonn's. 

Lactuca> canadensis (17) X L. tatarica (9) (fig. 2, (t).- Several flower 
heads of the 17-chroinosonn' species Lactuca canadensis w('re cross- 
pollinat('d with the 9-chromosome species L. tatarica. Of tin' plants 
grown from these cross-pollinations, 34 proved to be intei’specific 
hybrids having 26 pairs of chromosonn's. All hybrids were com- 
pletely self-st{'rile. Tin' plants were quite uniform in gein'raJ app<'ai*- 
ance and res('mbl('d the L. tatarica parent in many charactc'rist ics. Tin' 
parent plants apparently were somc'whal heterozygous. Although tin' 
liybrids were uniform in general appt'arance, close examination indi- 
cated considerable variation. Of the 34 hybrids, 5 wen* small and 
weak as compared with the average of the population, and 3 of these 
died before reaching the flowering stage*. All the hybrids (*arried 
anthocyanin pigment in their leaves but were not identical in type* of 
pigmentation; 18 were of the tinged type ^ and 16 we're more he'avily 
pigmented, approaching the re'd type. The* grc'e'n of the leaves ap- 
proached the gray green of the i. tatarica pare'ut. Some of the hybriels 
developed a thick brown epidermis that had a te'nde*ne?y to crack as 
the plants reached maturity. Counts on the* Ki mature plants showed 
10 to have this character in some dc'gree. All the* plants having this 
thick outer layer appeared deformed. 

The flowers were intermediate in size. The color of the corolla was 
nearly the same shade of blue as that of Lactuca tatarica, showing 
dominance of blue over the yellow color characteristic of L. canadensis. 
These plants produced an enormous number of flowers over a long 
period, but no seed developed. 

Sprouting from the roots, a characteristic of iac/ucafafarica, appears 
to be dominant. The,seed stems were removed from 16 plants aitor 
they had been in flower for several weeks. Most of them had devel- 
oped sprouts from the roots 2 months after the seed stem was removed. 
The hybrids did not show a tendency to sprout or stool from the crown 
as L. tatarica does. The annual habit was dominant. Reciprocal 
hybrids were obtained, but none were grown to maturity, 

i Tbe leaf>e«lor types were baaed on the olassidcation by Thompson (8). 
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Lactuca (jraminijolia (17) X L. tatarica (9) (fig. 2, 77). - The third 
cross ])(‘tW(HMi a IT-cliromosoine species and the 9-chromosome sp(*(?ies 
iMctuca tatarica was obtained l)y applying polh'ii from L. tatarica to 
flowers of L. grarninifolia. Fift(M‘n hybrid plants were grown from 
this cross, all of wliich W(n‘(' sterile. As in the crosses of L. tatarica 
with L. canadensis and L. Jlorhlana, the h^dirids more nearly nwmbled 
the L. tatarica parcMit. I'lu* gray gn^en of Z. tatarica also app('ared 
to b(‘ dominant in this case. Tlie plants W(‘re a little larg(‘r and more 
vigorous than either parent. 

Th(» flowers W(‘r(‘ intc'rmediate in size and of about the same shade* 
of blue* as those* of the* Lactuca tatarica pare*nt. Seime eif the hybriels 
sprouted or steieiled at the* crowti like L. tatarica, while eithers pre)elue*eel 
only a single* steun e*harae*t eristic of L. grarninifolia. Like both parent 
specie's, the* hybriels be‘have*el as annuals, ])roelucing fleiwers the first 
season. However, the*re was a great difference in time* of see‘el-ste‘m 
e*longatie)n ameing the hybrids, nine of them iiroducing seeel ste*ms 
much e*arlier than the* re*maining six. The individual plants within 
the* twe) greiups e'longateel at abeiut the same time* and rate. Plants that 
stooled Were* slower to develop seed ste*ms than single-steun plants. 

iMctuca lacinlata (9) X L. fiorldaua (17). — Thghty-three* hybrid 
plants we*re* greiwn freini se‘e*el eibtaiiu'el by applying polh*n of Lactuca 
florldana to fle)W'ers of L. lacinlata, anel 11 were e)btaine‘el from the 
re*ci[)re)cal e‘re)ss. The* hybriels were all ve'ry WTak and unable to 
develop bcyonel the seeelling stage*, re*garelh‘ss of which way the cross 
was inaele*. The hybriel seeellings dev(*loped five to six leaves, then 
tiirne*el ye*llow and eli(*d. The*s(* plants were reaelily distinguishe*ei from 
e*ither [)arent, anel there w^as no doubt e>f their being hybrids. Pro- 
ge*nie*s from this cross we*re* planteel at three diffVrent elates, but in 
e*ae*h case the* hybriels were weak and die*el afl(*r developing a lew leaves. 

Lactuca florldana (17) X L. Indica (9) (fig. A).-- Several fle)wer 
ht*aels e)f Lactuca florldana were* cre)sse*el wdth L. indica. Only e)ne 
hybrid plant wuis obtained freuii the seeel from this cross. The* plant 
was inte*rme*eliate* in size and r(*semble*d the L. indica paiynt me)re than 
L. florldana. It hael ardhe)e*vanin spots e)n the leaves like L. indica, 
bui th(*y were* imie*h larger anel e)f a more inte*nse red. The flowers 
we*re' interme*diate* in size anel the ce)rollas blue, e)f about the shade of 
L. florldana. The reciprocal e*ross fa ile*d. 

Ijdctuca florldana ge*ne*rally behave*s as a biennial, and L. Indica is 
annual in habit. The hybriel plant was an annual and e*e)mplete*ly 
ste*rile. 

Lactuca gramlnijolia (17) X L. raddeana (9).- Fifty-thre'e* plants 
we*re» gre)wn from se'enl resulting from the application of pedlen of 
Lactuca raddeana to fle)Wers e)f L. grarninifolia. Of the*se*, 48 we*re 
hybrids. The hybriel plants were all ve*rv weak and die*el in the 
seeAling stage. 

Lactuca gram! ni folia (17) X L- muralis (9).— Pollen of L. muralis 
applienl to flowers of L. qraminifolia re*sulted in 9 hybriels out of a 
population of 14 plants. ' All tlie hybrids were weak anel unable to 
survive beyond the s(*eelling stage. This is probably the widest cioss 
obtained so far, for the two species diffe'r greatly in many morphologie*al 
e*haracters. 

Lactuca canadensis (17) X L. raddeana (9). — A population of 23 
plants was grown from seed obtained by applying pollen of L. raddeana 
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Figure 3. — /I, Htoin leav(?.«^of (a) Laciuca jloridanay (6) L. flondana X L. indica^ 
Ft, and (c) L. indica; By stem leaves of (a) L, graminifoliay (6) L, gramim- 
folia X L, indicay Fj, and (c) L. indica: C, rosette leaves of (a) L. cana- 
densis var. irUegrifoliay (b) L. canadensis var. integrifolia X L. indicay Fi, and 
(c) L, indica: 2), rosette leaves of (a) canadensis var. latifoluiy (h) L. 
canadensis var. laiifolia X L. indicay Fi, and (c) L. indica; Ey rosette leaves of 
(fl) L. spicatay {h) L. spicata X L. indicay Fi, and (c) L. indica: Fy rosette leaves 
of (a) L. graminifoliay (5) L. graminifolia X L. laciniaiay Fi, and (c) L, 
ladniaia: Gy rosette leaves of (a) L. graminifoliay (6) L. graminifolia X L. 
virosay Fi, and (c) L. virosa. 
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to flower heads of L. canadfunift. Of the 23 plants 10 were very weak 
liyhrids and all of these died in tin* seedling stage. Normal hybrids 
W('re not obtained. 

Lactuca <iraniirilfolla (17) X L. indica (9) (fig. 3, B). -From seed 
obtained by applying pollen of L. mdica to flowers of L. gramirnfolia, 
29 hybrids were obtained. All wen* normal, vigorous plants, produc- 
ing small, dark reddish-blu(‘ flowers similar to those of L. gram'inifolixi. 
Some of th(*s(‘ hybrids produced flowers and a few seeds, indicating 
partial fertility. 

Lactuca fspicata (17) X L. tatarica (9). Four hybrids obtainc'd from 
this cross with L. tatarica as the pollen pari'nt W'c're all weak, abnormal 
[dants and wen* unable to survive beyond the se(‘dling stage. 

Lactuca caiiadcuNln (17) X L. iiidlca (9) (fig. 3, C and D ). — All but 
■) of 19 hybrids fi’om this cross with L. indica as the pollen parent were 
weak, abnormal plants and died in the se(‘dling stage. Some of the 
normal hybrid plants have c(»m(' to the flowering stage ajid are self- 
sterile. 

Lactuca ftpicata (17) X L. raddeana (9).- Five hybrid plants were 
obtained from seed resulting from th<> application of L. raddeana 
Ijolh'ii to flowers of L. Kjiicata. All W('re weak and di('d in the seedling 
stage. 

Lactuca npicata (17) X L. indica (9) (fig. 3, E ). — Fifteen hybrid 
plants were obtaiiu'd from a cross bctwc'en L. xpicata and L. indica in 
which the latter was used as the pollen parent. The hybrids were 
strong, vigorous plants. In the sc'cdling stage they looked more like 
L. indica than L. uplcata. The leaves were more lobed than those of 
L. tfjdicaia and had large* spots of dark-red anthocyanin. Some* of the 
hybrids have reaclu'd the flowering stage and one has produced a few 
see'ds. 

Lactuca Jloridana (17) X L. raddeana (9). SixU'en hybrid plants 
were* obtained from this cross, L. raddeana being us(>d as the polh'ii 
parent. All the hybrids were weak, abnormal plants and died in the 
set'dling stage. 

hictuca grarninifolla (17) X L. laciniaia (9) (fig. 3, /'’). -Seven 
hybrid plants were obtained from this mating at La Jolla, Calif. 
All of them had considerable dark-red pigment along tin* midrib of the 
leaf, similar to that on L. laciniata. These plants were unmistakable 
hybrids and were very weak. They were* susceptible to a variety of 
foliage diseases, and none develop(‘d past the rosette stage. Twenty- 
two hybrids were obtained at Beltsville, Md., all but one of which were 
W(‘ak and died in the seedling stage. 

Lactuca graminifalia (17) X L. nirom (9) (fig. 3, G ). — One F, plant 
was obtained by pollinating flowers of Dictum gramirnfolia yrWh L. 
rirosa pollc'ti. This plant was similar to L. graminijolia in most 
resp('Cts. It was an annual and of about the same height and shape 
as L. gramini folia. It was jjositively identified as a hybrid by the 
fact that tJie leaf blades were characterized by numerous small patches 
of pigment on the upper surface of the leaf blade, like L. virom. The 
flowers had the purple-colorc'd ligules of L. gra minifolia, but the purple 
was much lighter in the hybrid. 
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DISCUSSION 

The results obtained from the interspecific crosses r(*ported above 
giv(' some int(T(\sting information regarding: the genetic relationship 
of certain s])eci(»s within the genus Lactuca, 

The breeding behavior of the 18 forms studied indicates that, 
(excepting tln‘ 8-cliromosoine species Lactuca hourgaei and L. cretica 
and the 9-chromosoine species L, rnvralis, L. perem^is, and L. chon- 
drlllaeflora, all bc^long to three quite distinct com]nitibility groups: 
(1) The group hereinafter called the serriola group, consisting of L. 
serriolay L. satha^ L. salignay L. altaicOy and L. virosa; (2) the grouj) 
hereinafter called the indica group, consisting of L. indica, L, laciriiatay 
L, raddeanay and L. tatarica; and (3) the group consisting of the four 
17-cliromosome sj)ecies L. canadensisy L. spicaiQy L. foridanoy and L. 
grarnini folia. 

In group 1, Lactuca safivay L. serriohy and L. aliaica are indicated 
to be varieties of the same species, since tln^y cross readily in eitlnn* 
dir(»ction, with fertile progenies, and have many morphological charac- 
t(‘rs in common. In group 2, L. laciniaia is indicatc'd to be a variety 
of L. indica, since the two forms have many morphological similarities 
and cross readily, giving fertile progenies. 

Though hundreds of cross-pollinatioris w^tu’e made b(‘tween spc'ch^s 
in group 1 and those in group 2, not a single hybrid was obtained, 
suggesting a remote genetic relationship betw(‘en these two gj’oups 
of 9-chromosome species. 

Although Lactuca indica and L. laciniaia ai‘e morphologically 
closely related to L. serriolay L. salignOy and L. virosay and ar(' tax- 
onornically i)]ac(*d in the subgemis Serriolay tlu^n^ is (‘vid(‘nc(‘ of some 
gemetic relationship with L, raddeana and L. tatarica in the subgenus 
A4ulgedium. 

The four species with 17 chromosomes have been s(*parated by 
taxonomists into the two subgenera Serriola and Mulgedium larg(dy 
on the characters of the aclnmes and involucres. Lactuca canadensis 
and L, grainmifolia hav(‘ been assigned tt) tin* subgenus SerrioUi 
and L. jloridana and L. spicata to the subgenus Mulgedium. Four 
crosses were obtained between tliese two subgenera, namely, L. 
canadensis X L. jloridana y L. canadensis 'yiL. spicata y L. graminifolia 
X L. floridanay and L. spicata X L. cfraniinifolia. The first-named 
cross gave some fertile progenit'S. Fertile hybrids of the second cross, 
L. canadejisis X L. spicatOy have very likely developed in naiun' 
(7, 10). The third cross, L. graminifolia X L. floridanay gavt' par- 
tially fertile progenies. The fourth cross', L. spicata X L. grarnini- 
foluiy is known to produce sidf-sterilc progenies. A fifth cross btd.wcen 
two 17-chromosome spe^cies in the subgenus Serriola {L. graniinifolia 
X L. canadensis) gave fertile progeni(*s. These results indicate a 
close genetic relationship among all four of these species. 

Sixteen succ(*ssful crosses were made between 17- and 9-chromosome 
species. All of these* except om‘ involved 9-chromosome species 
within the indica group. The only hybrid plant obtained between 
a 17 -chromosome species and the serriola group was at La Jolla, 
Calif., between Lactuca graminifolia and L. virosay when virosa 
pollen was used. Table 1 shows the many attempted crosses betwetm 
the 17-chromosomc group and the 9-chromosome serriola group. 
In most cases at least 10 flower heads were cross-pollinated, and in 
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many easels a largo nuinhor of crosses wore tiKul. Most of these 
att(‘nipts won' nia(l(‘ uiultT conditions favorable for fertilization, 
yet only the one hybrid ])lant was obtained. 

The ('use with which (*rosses w(‘re obtained between the 17-chromo- 
sonie speci(‘s and th(‘ 9-chroinosome indiva group, as compared with 
th(» almost total failure to obtain cross(»s Ix^twc'en the J 7-chromosome 
group and the serrioJa gro\ip, indicat(‘s a xnuch closer g(‘nelic relation- 
shi]) between the 17-chromosome group and the indiva group 
than b(‘twe(*n tlu' 17-chromosoni(' group and the serrivla group. 
This is clos(*ly ]nirall(‘h‘d by the similarity between the two groups 
in gross mor])hology. 

It is geiH'rally assunu'd that tin* 17-chromosome specie's, Lactuca 
canadensis, L. spivata, L. jloridana, and L, (jramini folia, are ainphi- 
diploids, having arisen from hybrids between 8- and 9-chromosome 
spc'cies. If this assumption is corrc'ct, the behavior of the inter- 
speeulic hybrids h(‘r(‘in r(‘porte<l indicates that the 0-chrojnosome spe- 
cie's contributing to the' aniphidiploids we're more likely to have been 
membe*rs of the' indiva group or closely redateel spe*cie‘s than of the 
ser/iola group. 

Tlie sterility e)f many e)f the' inte'rspe'cific hybrids prevents any 
e'xte'usive' stuely of the' iidieritane'e' of characters; howeve'r, an apparent 
dominance of certain e*haract(‘rs was ne^te'el in the* Fj populatie)ns. The 
annual is dominant e)ve'r the* bie'iinial habit, as indicate'el by the* matings 
of Lactuca canadensis X tatariva, L. Jloridana X L. taiarica, and L, 
jloridana X L. indiva. L. canadensis anel L. jloridana are both bien- 
nials — at least the stocks used in the'se studie's we're biennials; L. 
indica and L. tatariva> are annuals. All of the' hybrids were annuals. 

Where* lobe'el-leave'el spe'cie's were* crosse'el with hiuce'olate Jionlobeel 
spe'cie's, the* hybrids we*re* always lobe'el, indicating dominance of this 
(‘haracter. 

Light -cedeued, gray, or whitish cole)r of ])olle'n was demiinant over 
orange* in Lactuca (jratninifolia X L. canadensis, L. canadensis X 
tatarica, anel L. (jramini folia X L, indica crosse's, in which L. (jrarni- 
ni folia anel L. tatarica have* light-colore'd pedh'ii. 

The' gj-ay-gre'e*n foliage ce)le)r e)f Lactuca laciniata was eloininant over 
other fediage* gre'e'iis in L. laciniata X L. indica and L. jloridana X L. 

Jaciniata. 

The* te*mle*ncy to sprout from the roe)ts, characte*ristic of Lactuca 
^atarica, appeareel to be a eleuninant characte*r hi the hybrids L. cana- 
densis X L. tatarica, L. jlotidatui X L. tatarica, L. tatarica X L. in- 
dica. and L. graniinifolia X L, tatarica. 

The*- susce*ptibilitv <>f Lactuca laciniata to ce*rtain fediage* dise*asos 
appeare'd tobe eloininant, as most of the hybriels in \yhich this sp(*cie^s 
was a parent weTc subje'ct to similar malaelie*s, which addeel to the 
difficulties of growing the hybrids to the flowe*ring stage. 

AntJiocyanin pigme'iit in the foliage, ste'ins, and flowers was in e'very 
case dominant over its absence. 

The membranous mai’gins on tlie achenes ol Lactuca canadensis were 
dominant in L, canadensis X L. tatarica anel L. canadensis X L. jlori- 
dana crosses. Although L. canadensis X L. tatarica hybrids were 
sterile, e'xamination of the* infertile ovaries showe'd the*m to have* this 
type of margin, 

' Few weak spines, or no spines, on the under side of the midrib of 
the leaf seem to bo dominant over many coarne spines. 
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III most crosses between 9- and 17-chromosome species, hybrids 
were obtained only wlien the 9-chromosome species was used as the 
pollen parent. In fact, it is generally considered difficult to effect 
crosses betweiui sp(»cies of different cliromosome number when tlu' 
species having the larg(*r number is used as the pollen parent. Miint- 
zing (5) discusses at some' length this qu(*stiou of crosses betwc'en spe- 
cies b(dng more su('cessful wlien th(‘ one having the larger chromosome 
number is used as th(‘ maternal parent, and he offers double fertiliza- 
tion as the possibh' (‘xplanation. In two cases herein reported two 
species of diffenmt chromosomi* number were crossed in both direc- 
tions, with hybrids n^sulting. These wert' the Lactuca floridana X L. 
lac/iniata and L. canadensis X L. tata/rica crosses. 

It is not assumed that these investigations nn^^eal all the possibh* 
relationships that exist among the speci(*s studied. No doubt, under 
more nearly optimum conditions for c('rtain of tlies(‘ spc^cies, crosses 
might be effected that an' herein report(‘d to have failed. Fc'rtile 
embryos under certain conditions might develop in hybrids here re- 
port(‘d to be completely self-sterile. The hybrid Lactuca raddeaaa \ 
L. indica is an example; if the two plants had not been observ(‘(l 
carefully in the v(‘ry last stages of maturity and tlu' immature (*mbryos 
t('sted for viability, these hybrids Avould have been n'ported as com- 
ph'tely self-st(*rile. Hundn'ds of crosses wen' made' betw(*en L. nin^sa 
and otlu'r members of this nine-chromosomc' group Ix'lon' hybrids 
W(*n' obtained with L. serriola, 

Th(' ext('nt of these inv('stigations and tlu' n'sults obtaiiK'd would 
sec'in to establish the close' relationship among the' spc'cies within the' 
two nine-chromosomi* groups and the mon' remote n'lationship, if not 
complete incompatibility, of the two groups. 

These studies have' contribute'd senne tangible support to the* 
assumed amphidiploid nature* of the* 17-chiome)some specie's and give* 
substantial e*vide*nce that the 9-chromosoine sf>ecies involve'd in the* 
synthesis of the amphidiploiels was a me'inber or we're* me'mbe»rs of 
the indica group or closely relate'd spe'cie's. Similarly, the 9-chromo- 
se)m(* specie's inclueled in the serriola group are' practically e'liminate'el 
as possible (‘ontributors to the syntlu'sis of the* amphidiploiels. 

The results of the'se*, studies of interspecific hybridization have one 
eliscouraging asf)eci from the viewpoint pf the lettuce breeeh'r; that is, 
the apparenit genetic incompatibility of the cultivated form Lactuca 
saliva with many of the othe'r species of the' gc'uus. Hybridization of 
L, saliva appears to be possible only with L, serriola and possibly witl) 
some very closely relate'd forms Some of. the most promising mate- 
rial for Breeding for resistance to certain diseases is in specie^s too 
remotely related genetically to L, saliva to i)ermit hybridization that 
will result in fe'rtile progenies. 

SUMMARY 

Results from 81 attempte'd interspecific crosses among 18 species of 
the genus Lactuca are presented. These crosses involved two 8- 
chromosome, twelve 9-chromosome, and four 17-chromosome specii's. 

Of the 81 attempted crosses, 29 were successful in producing viable 
embryos and hybrid seedlings. 

Elevm of the successful crosses w’erc self-fertile or partly so. The 
remaining 18 produced cither weak, abnormal seedlings unable to 



July IT), 1‘J41 


Tniernpeafv Geveiic Belaiioiishlps in Lavtuca 


107 


survivo ])oyon(l the infantile or roset te sta.ii:e, or strong, vigorous plants 
that clevi4op(‘<l more or less normally hut were eompletely self-sterile. 

The four 9-ehromosome species Laefuca indlca, L. laeinlata, L, 
f afar lea, and L, raddeana were found to be closely related genetically 
and ca|)ahle of crossing among themselves. Exc(*pt in the case of 
L. vndica X L. lacniiata and L, raddeana X L. iridica^ the hybrids 
were' self-st(»ril(*. 

The nine-chromosome sp(*cits L. safiva, L. serriola, L. altaica^ L. 
mlkjna, and L. rlrom were found by brt'eding t)eliavior to be closcdy 
ridatc^l and capabh' of ci-ossing among themselves. Some of the 
hybrids resulting from cross-pollination within this group wen' as 
f(‘rtile as eitlnn’ pari'ut; others were completely self-st(‘rile. 

Although many crosses w(‘re attempted ])etween sj)ecies from the 
two groups of nine-chromosome species listed above, no hybrids wi^re 
obtained. 

Th(‘ four i7-chroniosome species studied were found to be closely 
ndated genetically and caj)able of crossing among themselves. Some 
of th(»s(‘ crosses resnlt(‘d in fertile or partially fertile hybrids. 

Sixt(Mai attempted crosses betwetm 17- and 9-chromosome species 
were successful in ])roducing ftnlili/.ed embryos. All but 2 of these 10 
(‘rosses involv(‘d a 9-chromosome species in the indica group. Crosses 
b(‘t\\e(m the 17-chromosome sp(‘ci(‘s and the 9-chromosome specie's 
of the f<('rri<d(t group failed in iwery case^ but 1, that of Lactuca 
(jratnlnlfolla X A. rlrosa. 
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SULFUR AND TRACE-ELEMENT NUTRITION OF 
ASPERGILLUS NIGER ^ 


By ]U)HERT A. Steinbejkj - 

AssoCAate phyatologiM, Division of Tobacco / nwstigaiions, Bureau of Plant 
Industry, Ihiitcd States Department of Agriculture 

INTRODUCTION 

Though it is kiiown tliat sulfate sulfur disappcairs in the green 
plant to reappear as disulfide (eystine) and sulfhydryl (eysteine), 
little is known eoru*erning this j)roeess of reduction^ or of the inter- 
m(*diate eoin pounds involved. Nightingal(‘ et al. (12)'^^ fouiul that 
sulfate is redueed to sulfite* ajul apparently to sultliydryl in the 
eoinparatively alkaline* phloem re'gion of roots and tops. Neither 
Heiserieh (6) ne)r Mothe‘s {10) was able* to bring about reuluetion of 
sulfate with maeerate*d gre‘en tissue*. llowe‘ver, reeluetion of sulfate* 
to elisulfide was r(*pe)rte*d by IIamm(‘tt and Reynolds (4) to take place 
with e*xtracts of l^ha^eoUhH ruhjarls ioe)t tips. The*y eonsidere‘d the 
])rocess to he* e*nzymatic, since the he*ate‘d extracts diel not cause a 
diminution in sulfate*. 

According to summarie*s by Pfe*tf(*r (IS), Jost (f/), and Mille*r G9), 
gre*(*n plants ivquire sulfate anel are* unable to assimilate any of its 
re‘duction products. Re*ce*ntly, howe*ver, incre*ase*el yields have be(*n 
founel to occur with atmosj)h(*ric sulfur dioxiele* (0.1 to 0.2 p.p.m.) 
by Setterstrom (Z^). Though the possibility e*xists that oxidation of 
sulfur elioxide* occurr(*el prior to use, the e*xp(*rime*ntal data woulel 
indicate the de'sirability of a re*sludy of sulfur utilization in giTon 
plants. The*re* can be* little doubt of the* pre'sence* in plants of sulfur 
e'eimpounels interme‘diat(* in oxidation betwe‘e*n sulfhydryl and sulfate 
(/fZ, 12). It app(‘ars improbable tl^jt sulfur is introduce‘d into organic 
compounds as sulfate* by the green plant without previous re*eluction. 

The situation is (juite ditferent with respect to fungi. These have 
been grown successfully with a large number e)f sulfur compounds {2, 
7, 18, 19). Here, again, insufficient evidence is available to deter- 
mine the course of sulfur assimilation excei)t in a general way. Mothes 
(10) was able to determine, however, that the sulfur metabolism of 
Aspcrgillufi riiger parallels that of green plants, whereas it diverges from 
that of the yeasts. Fuller information, in his opinion, may reveal that 
specific differences in sulfur metabolism also exist between green j)hMits 
and fungi. 

A general survey of the relation between constitution and assimi- 
lability of sTilfur compounds was therefore undertaken with this fungus. 

J for publication Oew^mber .* 1 . 1940. . 
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A fuller knowledge of sulfur metabolism in Afipergillufi niger should 
prove of value in working out that of the green plant. The absence 
of rapid and sensitive methods for the chemical identification of sus- 
pected intermediary forms of sulfur made necessary the adoption of 
comparisons upon an exactly quantitative basis. This was accom- 
plished by measuring assimilability of sulfur by the yield obtained 
with 25 mg. of sulfur per liter at 35° C., after 4 days of growth in an 
optimum solution. The maximum dry weight (1,100 to 1,300 mg.) 
obtained with sulfate sulfur served as a standard of comparison. 

The sulfur compounds studied fall into five groups of which the 
known reduction products of sulfuric acid are the most important. 
Other sources of inorganic sulfur are the thionic acids. The naturally 
occurring sulfur compounds, such as cystine and methionine and their 
derivatives, fall into a special category. Lastly, there are the miscel- 
laneous organic sulfur compounds, some of natural occurrence, includ- 
ing the oxidation-reduction series of mercaptan sulfonate and of sul- 
fide-sulfone. These are treated separately. These substances are, on 
the whole, the simple sulfur-containing compounds into which the 
more complex forms would be transformed before assimilation under 
ordinary conditions. 

The general assumption underlying ibe experimental procedun^s and 
interpretation of data is that the initial stages of sulfur assimilation 
are essentially a process of chemical reduction (digestion). Armstrong 
(£) and others have found Aspergllhis niger to be caj)able of carrying 
this reduction to the production of elemental sulfur. Inability of (he 
fungus to grow when supplied with sulfur in a reduced form was 
assumed to imply, in addition, that oxidation (4 nutritive sulfur is a 
matter of difficulty for the fungus. 

Paralleling the studies on sulfur assimilation were others with tl;e 
trace elements iron, zinc, copper,manganese, molybdenum, and gallium. 
The effects of a deficiency of each of these elements were studi(*d with 
a variety of sulfur (‘.ompounds in an attempt to determine whether a 
specific role was played by one of these elements in the (enzymatic) 
reduction of sulfur compounds. A relationship of this sort has Ik'cii 
found between nitrate reduction and molybdenum {17), 

MATERIAL AND METHODS 

Asmrgillm niger Van Tiegh. (No. 21o~-4247 in the collection of Dr. 
Charles Thom) was grown on 5()-cc. portions of a nutrient solution in 
20()-cc. Erlenmeyer flasks at 35° C. for 4 days. The nutrient solution 
consisted of redistilled water 1,000 cc,, sucrose 50 gm., reagent am- 
monium nitrate 2.06 gm., reagent dipotassium phosphate 0.35 gm., 
and reagent magnesium sulfate (TFLO) 0.25 gm. This solution 
contained 25 mg. of sulfur per Iit(*r, or 1.25 mg. of sulfur p(T culture. 
Practically spectroscopically pure iron, zinc, copper, manganese, 
molybdenum, and gallium were supplied as chlorides in concentra- 
tions of 0.30, 0.30, 0.075, 0.075, 0.02, and 0.02 mg. per liter, respec- 
tively. The sucrose c6ntained 0.00087 percent of ash. All cultural 
vessels and accessory apparatus were of transparent quartz, ex(‘.ept 
only the boiling flask of the still and the storage bottle for redistilled 
water, which were of silica ware. Inoculation was by means of a 
spore suspension. 

When nutrient-solution purification {15) was employed, the am- 
monium nitrate was increased to 2.60 gm. per liter, the dipotassium 
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phosphate to 0.70 gm., and the magnesium sulfate to 1.10 gm. in the 
above formula. Aft(‘r th(» addition of ] grn. of (‘aleiurn carbonate 
and heating to 100° C. for 20 minutes (st(‘am(‘r), the solution was 
filten'd through a fritt(‘d (juartz crucibh* of No. 4 porosity. Trace 
elements wen* added subsequently. 

In solutions provider! with otluu* than sulfate-sulfur, magnesium 
was supplied as MgtM^.OH^O, 0.21 gm. ])er litei, or 0.91 gm. per liter 
when the solution was purilied with calcium carbonate. Sulfur 
compounds otluu' than sulfate W(»re also supplied in conc(uitra- 
tions sufficicuit to provide 25 mg. of sulfur per liter, or, if subjected to 
nutrient-solution purification, 50 mg. of sulfur ptT liter 

In performing the starch t(\sts a drop of N/20 iodine solution was 
placi'd on tlu' rev(*rse of the mycidial felts during filtration, washed 
several tilings with watc'i*, and (examined for starch at X 10 magnifica- 
tion aft(‘r the laps<‘ of an hour or more. A qiiinhydrone electrode 
was used to (hqcuiiiine acidity. Yi(4ds are given pt‘r culture of 50 
cc., the myci'lial felts having Ixhmi dried at 103° t\ overnight after 
filtration with frittcnl glass crucibles of No. 3 porosity. 

The sulfur conifiounds used wen' reagent Hu'inicals or the purest 
availabh*. 

ASSIMILABILITY OF INORGANIC SULFUR 


Tin* maximum yi(‘lds obtained with sulfate and its products of ri'diic- 
tion are tabulated in tablr 1. If can lx* seen that as sulfate was suc- 
cessively reduci'd to sulfite, hyposulfite, sulfoxylate, and sulfide, no 
diminution in assimilation occurnal until tlx* sulfide was formed. Sul- 
foxylate, though unobtainable, is incliuh'd Ihti' because sodium hypo- 
sulfite hydrolyz(*s in slightly acid solution to form an eciuimol ocular 
mixture of siilfoxylic and sulfuious acids, which is assimilated as r(*adilv 
as sulfurous acid aloix'. Utilization of sodium hyposulfite is there- 
fore consi(h*red to depi'iid wholly on the formation of sulfoxylate'. 
The bisulfite n'sidiX' is pn'sumably reduced again to sodium hyposul- 
fite l)y the fungus. It does not si'crn probable from the chemical 
data as summarized by Mellor fV) that sulfoxylate' has boon preieliu'ed 
elireM'tly by re*elueqie)n eif hype)sulfite, theiugh sulfide can be so formcxl. 
It is clearl at any rate, that soelium sulfeixylate sheiulel also be eaipable 
of giving maximum yielels, and that it is the* lowe'st state of eixidatiem 
in which ineirganic sulfur can be utilize-d e'flicie'ntly. 


I'akle 1. Growth data for AnfWtgiJlas niger after dai/a at Sn° C. with inorganic 
coni pounds providing Jo mg. of sulfur pet liter of solution 


Source of sullur 


Potassium p<‘rsulfatc 
Sodium sulfate 
Sodium bisulfite 
Sodium hyposulfite 
SiKlium vsulfoxylate 
(Uydroneii sulfide) 

Soiiium disulfide (pU*»f>.f)2) 
Ferrous sulfide 
Sodium sulfide* (pH »(> 70) 
Sodium thiosulfate 
Sodium dithionate 
Sulfamic acid - - 


» Sporulation is rated asO (sterile) to 10 (maximum)- 
i M aximum. 


Foimulu 

Yield per 

Sporula- 

tlOll 1 


'<ueiose 


^fg 


KgSjOs 1 

7Ui 2-f 

'2 

Na2SO^- . 1 

1 . 17:1 0 

S 

NallSeis - ! 

i.oiw :i 

N 

: Na 2 S 204 2 H 2 O 1 

1 . 104 3 


Na2St)« ’ 

(^ 

1 

11 2S 

j (012 5) 

0 

Na2S.. 

002 ;i 

1 8 

• FeS 

' 100 1 

! « 

1 Na2S91l20 

250 4 


! NajS20.»,rdl20 

1,029.S 

4 

; Na2S’0* - - 

2 4 

0 

1 NinsOdT 

049 3+ 

4 


All spores were black. 
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R('sults with sulfide and disulfide require further explanation (see 
also tables 2 and 5). An old sample of sodium sulfide j^ave maximum 
yields, as did also th(‘ sodium disulfide formed by solution of the 
eahuihited amount of sulfur in a 9-pereent solution of t.h(‘ sulfide. 
Inasmuch as this same sample has been used in a pr(»vious study (f6) 
and found unservi(‘eable as a source of sulfur, additional tests were 
mad(' to ch'ar up the dis(‘repancy. The data obtained indicated 
that the sulfur of old and presumably altei*ed (oxidized) samples of 
sodium sulfide (or disulfide* prepared with it) was fully assimilable. 
Fresh sample's ^ave poor growth, showing*: symptoms of sulfur de- 
ficiency. The transformation of nonassimilable sulfur of sodium 
sulfide and disulfide to assimilable sulfur was found to be accelerated 
e‘ven by slight alkalinity. Yiehls with'^disulfide' were uniformly 
greater than wiih sulfide. This eliflVrence will be discusse'd in con- 
lU'ction with table's 2 and T). 

(Jrow’th with sulfur as hydrogen sulfide w as almost optimum, but 
little w^ eight is plac(‘d on these data, inasmuch as passage of gas 
through the nutrit*nt solution (o minutes) caused precipitation of 
much sulfin*. As will be noticc'd, ferrous sulfide se'rve*d pe^orly as a 
source' of sulfeir, though decompose'd by the* organism, unle.ss a large 
excess was pre'semt. Turbidity of the substrate' in the* latter case 
would indicate that a similar decomposition of hydrogen sulfide 
presumably occurre'd as wdth passage of the' gas. 

An (xxielation i)re)duct of sulfuric acid, namedv, persulfate*, [)rov(*d 
freely available as a se)urce of sulfur, and it is be'iieve'd that it w^oulel 
have given maximum yields with adjustme'nt of other ('omponents of 
the nutrient solution, A like interpre'tation of the results wdth sul- 
famic acid is also probable*. Ordy tw^o of the six known thionic acids 
could be tried as source's of sulfur, name'ly, thiosulfate* anel dithie)nate 
Sodium thiosulfate gave* maximum yields when used as a source* of 
sulfur. Practically no growth occurred w ith soeliuni dithionate. 

Table 2 — Eff(ct of acidity and age of sample on tfu ntiliznlion of sulfide and disnlfide 
by Aspergillus niger (4 days' growth at (\) 


S<uir<*c of sulfur 


Sodium sulfido fold saniplo) 
Sodium sulfldi' (now sample) 
Sodium disulfide (old sample) 
Sodium disulfide (new sample) 
Sodium sulfate (eontrol) 


ilnilial acidity 1 
I of nutrient | 
solution i 


pit 


f) 

7 Ki 
fi fi2 
7 eiy 
f) 70 
7 40 
0 70 
7.01 
r, 7H 
7 OS 


Yield per 

2 G pin of ! 
sueroM' j 

[ Sfmeh 1 m 

j Sporulu- 

myeolmm 

! 1 ion 

Mo 


1 

LOSH.O i 

1 

i 0 

1, 140 4 1 

0 

1 

254 () : 

0 

1 10 

440 3 ' 

0 

10 

1,080 0 

2 

1 r> 

1, IIJ.O 

0 

1 

002. H 

4 

8 

080 1 

1 1 

(» 

1, 188. 9 

b 

0 

1, 173 0 




> starch is rated from 0 (none) to f» (very profuse). 

2 Sporulation i.s rated as 0 (sterile) to 10 (maximum). All spores were black. 


Further insight into tho mochanism of sulfide and disulfide utili- 
zation is afforaed by tho data of table 2. Attention is called to the 
increased yields accompanying increased age of the sample of sulfide. 
A slight initial alkalinity of the nutrient solution led in all cast>s to an 
increase in yield, particularly with the fresh and presumably unoxi- 
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(iized sample. Tliis is interpreted to imply that sulfide and disulfide 
are more rapidly alt(U‘ed in alkaline solution to forms assimilable by 
Aspergillus niger. It is a matter of general knowledge to mycologists 
that (‘ven higher acidities than are here dealt with promote increased 
growth of this funmis. 

Insufficient eviclence is available to form a final opinion on the 
cause of the higher yiidds with disulfide as compared with sulfide. 
The use of siilfiu’ wasfied with alcohol and water for the preparation of 
disulfide has littli*, effect on yield. Sulfur is quit(i difficult to obtain 
pure and fret*, from oxygiui except by recrystallization in carbon disul- 
fide and subsequent distillation in nitrogen (f). Washing the sulfur 
as aforesaid, prior to the i)re]>aration of disulfide, would appear of little 
value in this connection 

The possibility I'xists that chemical transformations that result 
in lh(‘ formation of assiniilalde. sulfur are more readily undergone by 
disulfide than by sulfide. Slock solutions of the former alter more 
ra])idly on standing than do those of the sulfide (yield of fungus). 

ASSIMILABILITY OF SULFUR IN CYSTINK, MKTHIONINE, AND 

THIAMIN 4 

(\vsti‘ine and oxidizird derivatives (table 3) gave maximum growth 
when sup])lied as sources of sulfur. The same is tru(‘ for taurine, 
which might be considered as formed from cysteic acid l)y decarboxyla- 
tion, and for tauriiu' disulfoxide. Deaminization of taurine to form 
('thane sulfonic acid does not diminish the assimilability of the con- 
taiiu'd sulfur, as is shown by the yields obtaiiU'd with potassium 
ethane sulfonate'. Benzylation of the sulfhydryl group of cysteine 
^\as only mo(l(*rat('ly efre(‘tiv(' in (h'creasing the availability of cysteine 
sulfur. M(‘thionin(*, cyslim*, cystc'ine, and liomocystine were e(|ually 
('fiVctivc' as source's of sulfur supply. A test with thiamin chloride 
revc'aled that this ('ss(*ntial nn'tabolitc in the nutrition of the fungi 
was unable to serve' as a g(*neral source of sulfur supply. 


'Fahle 3.- Growlh data fa?' Anf^crgillas rugcr after dayfi at C, with meiaboliiea 
or then denvattves providing mg. of ioilfur per titer of solution 


I 


Sfuircr of Milliji 


Koiniula 


j ^ por 
; 2 5 uni of 
i s»croS(‘ 


Si»oriiIa* 
tion • 


No sulfur (control) 
Cystcicacul - -- 
(’Cysteine sulfinic acid 
CHstcino (lisulfovuk* 
/-(Cystine . 

Cysteine h> drochloruic 
Tuurhic --- . 

Taurino disulfovitic 
Potassluin ethane sulfonn(<' 
rfkMeUnomno 
liomocystine . 
S-lionzylcystcine ... 
Thiamin chloride * . 


(Uf2(soui) eii(xii2)r()ou 
cu2(so>h) cmNiJzX'oori 
((^H«02N)S02 S((SH«02N) - . 

l-_s~(m2rn(Nn.>)ro()HL . 
iTHcnsCiKNm nci) (^o(Ui 
NJJ2CUJ2riT2S03lI 
NH2CIT2Cn2S02.S0n2rH2NH2 
(’2ll5S()3K. - 

(m3SCU20H2cri(Nn2)coou. 

f-SCn2CH20H(Nii2U’00Tr]2 

r9H5CIl2.S(Ul2CH(NIl2)C00H 
0,2Hi7N4SOri 


19 4 
1. 140 7 
1,2:19 0 
1,101 5 
1.21S 9 
1,0X7 
1,039 5 
1, 120 9 
1, 170 9 
1. 1K3 2 
1.103 8 
023. .3 
80 5 


2 

S 

8 

« 

8 

8 

8 

8 

8 

8 

4 

8 

4 


» Sporulation is raterl as 0 (sterile) to 10 (maximum). All spores were l>lack 
2 Only 22.2 mg. S/L. 


< T.anthionine ((HOir.Cn(NH 3 )(’'Ha) 3 S] and “optically inactive cystinc“ were obtained, subsequent to 
completion of this manuscript, from Dr. D. B. Jones and Dr. M. J. Horn, of the Bureau of Agricultural 
Chemistry and Engineering, TI. S. Department of Agrlcullim\ The yield W9th this new amino aci<l was 
only 159.3 ing., while that with “optically inactive cystine” was 1,099.2 mg., or about that obtoined with 
7-cystlne. 
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The state of oxidation of sulfur in anabolitos is immaterial, there- 
fore, in their use by the or^janism as a general source of sulfur supply. 
This is in marked contrast to the results previously discussed on the 
assimilation of inorganic sulfur. It is evident, tliercfore, that a clear 
distinction must, be made in the nutrition of this fungus between com- 
pounds re()uiring digestion and those utilized without a preliminary 
alteration, because they are identical with substances (anabolites) 
necessarily formed during development. 

ASSIMILABILITY OF SULFUR IN MISCELLANEOUS ORGANIC 

COMPOUNDS 

Growth data for Aspergillus viger with sulfur compounds of the 
mercaptan-sulfonate series, the sulfide-sulfone series, and miscellaneoxis 
compounds arc given in table 4. The sliglit increases in yield with 
n-propyl sulfone, w-amyl disulfide, benzyl isothiourea, and benzoyl 
persulfide an' perhaps fortuitous and due to impurities of other sulfur 
compounds. An int(‘r(!sting h'ature of thes(' responses is the failure 
of ethyl, propyl, and heptyl men-aptans to serve as soTirces of stilfui-. 
It caii probably be assumed that all alkyl mercaptans are useless as 
sulfur supply. Isreverthcle.ss, ethane sulfonic acid, an oxidation product 
of ethyl mercaptan, furnishes sulfur in readily available form, as does 
isoamyl sulfonic acid (table 5). 

Table 4.*' -Growth data for Aspergillus niger after 4 days at 35° (/. with miscellaneous 
organic compovnds providing 25 mg. or more of sulfur pei liter of solution 


Sourer of sulfur 


Nr> sulfur (eoiitrol) . 

Dimethyl sill font’ 

Ethyl mercaptan 
w-I’ropyl mercaptan 

'//♦Propyl sulflUc 

'n-Prop>l sulforio . 

7?-r*roj)yl disultlde. _ . 

71 -Heptyl mercaptan . 

w-Heptyl sulfide 

7/ -Amyl disulfide . . 

Sodium hydroxyinethane Milfinate,.. 
Thioulycolic acid 

Potassium ethyl xanthate 

Benzyl isothiourea hydrochloride . . . 

1 )i(^-phenylpropiopheDnnc) -/S-sulflde _ 

Thiourea 

Sulfonal 

Diphenyl thiocarbazonc 

Sodium benz<»no sulflnate .. 

Diphenyl sulfone ... . 

Diphenyl disulfide . .. 

Diphenyl sulfoxide .... 

Benzoyl persulfide 

Benzyl disulfide 

Benzyl sulfide 

Trithiomethylene * 

Thioacctic acid 

Thioacetamide . 

^,/5*Dihydroxyethyl sulfide 

Potassium dithimixalate 


Foinmla 

Yield per 

2 h ein. of 

Sporulii- 
lion ^ 

- 


sucrose 


\fn 



4 7 

0 

(C’lDlaSO-. . 

f» 7 

X \ 

1 

u 

(MItSH .. . 

f. 2 

0 

((\dl7)2S „ 

(1 H 

(1 

((MiThSOa ... 

(MhS.SDHl- 

212 X 

8 

:i,7 

0 

D7Hu,SII 

5 r> 

0 

(D7ni6)2S..fV- - 
(DsHnS).. 

f) 4 

0 

241 2 

1 

H()CH2H02Na 

1, s 

0 

HSCH 2 COOH ‘ 

(1 

0 

(%H'.OOS.8K 

f) 

0 

i\lhClhf^C (NH2)NH - 

m 4 

8 

((\HrCH((’H2(U)(!«H5)]2S . . 

(NIHlsCS . ’ 

Id. 1 

1 

7 (» 

0 

(('.nd2(HS02.C^2H5)2 

1 <1 2 

0 

C«HfiN.NrHNUNH(\lTs 

21 7 

2 

CcIHSOsNa ... 

20 . 

2 

((' 0115)2802 

If) ;{ 

2 

('oUftSSfWs-. 

0 

0 

(r«H5)280..„. 

ifi.h 

2 

{(MlsCO.S)? . 

I 8 H. 5 

1 

(CoHoCHaS). . . 

2 1 

0 

(ron5(Hi2)28 

0 

0 

(HCHS)i 

2 0 

0 

('HaOO.SH -- ... - 

0 

0 

CHaCR.NH2 

fiOO 5 

2 

(H 001120112)28 . .... 

460,8 

3 

{C0SK)2 

750.5 

1 




I Sporulation is rated from 0 (sterile) to 10 (maximum). All spores were black. 



July I-*), 1»4I 


A Study ? // Nutrition of AspergiUuH Niger 


115 


Table 5. Effrcl of barium ion on growth of Aspergillus niger {4 days al C\) 
with various sulfur compounds 


j Y 11*1(1 per 2 5 Rm. of .sucrose 


Kourc(' of sulfui (2r) niR of sulfur jmt lit(‘rj 


Xo Imriiim 
added 


Barium add- 
l'd (120 niR. 
l>er liter) 


Sodium sulfiilt' 

Yam me 
(\v stele acid . 

I^)tasslum elliane siilfoonie 
Sodium lodomelhaiu' sullonate 
Sodium isoum\l sulfonate 
Sodium 2-l)rom('lliane sulfonate 
']'hioaeet‘u*!ul('__. , 

(f, /8-1 )ihydr(»\\ethvl sulfide 
Potassium ditliiooxulate 


Mg. 

Mg. 

l. 2f)» 7 

414 8 

1, 190 4 

1, 024. 1 

1.M7 1 

1, 131.9 

J,2lf) 4 

1, 204 3 

110 0 

83 7 

1. m 0 

1 m 7 

40 0 

i 35 5 

ISi 0 1 

1 433 1 

2 ! 

475 5 

4():i 2 

1 454 0 


Trinl of alkyl siilfinaU's could not be nuub', but growth with sodium 
liydroxynudbanc suHinatt^ (sodium formiild(‘liydc siilfoxylalc) was 
fully (‘(jual to lhaXof any source* of sulfur. Its sulfur is in the lowest 
sta.<»t‘ of oxidation (*oin{)alibl(‘ with maximum cirK*i(*ncy of assimila- 
tion of all orpinic compounds investigated except methionim*, cysteine, 
homocystiiu', and <*ystin(*. It is important to note* that, like all sulfi- 
nates, it. may b(‘ consid(*r(‘d a derivative of sulfoxyli(‘ acid, whose sulfur 
is m the lowc'st sta^t* of oxidation for maximum efh(‘iency of assimi- 
lation of all inorganic comjHumds investipited. That is to say, sulf- 
oxylab* and sulfiiiat(‘ ari* synonymous terms, the om* us(‘d for inorganic 
compounds, tin* otlu'r for organic. The chemistry of sodium hydroxy- 
nu'thaiK* sulfinate has l)e(*n discussed by BayJ(*n (3) and Whitmore 

Tin* difference in nutritive value of sulfur in sulfhydryl and di- 
sulfide aiiabolit(*s (cystcaiu*, cystine, and methionine) and of eatabo- 
litos (alkyl m<*rcaptans, alkyl disulfides) is sharp and clean-cut. It 
would indicate that, tin* imiiortant factor, at least in nu‘tabolisin, is 
molecular configuration as a whole, and not the configuration of spe- 
cific groups in iho molecule. 

Otlii'i* interesting features are nonassimilability of Ixmzenc sulfur 
derivatives, the availability of sulfur in dithiooxalic acid in contrast 
to th(‘ unavailability of that in thioacetic acid, the effect of an amino 
group attaclied to tin* same carbon to which sulfur is attached by a 
double bond (tbioaca'tamide), and the effect of introduction of oxygen 
into tlie alkyl groups of ethyl sulfide (jS, jS-dihydroxyethyl sulfide*). 
These citations furnish examples of the influence of adjacent groups 
in the organic mole(*ul(^ upon the rate, and ease*, of assimilation of its 
contained sulfur. 

Availability of a number of alkyl sulfonates p(*rmitted a closer ex- 
p(*rimental study of tlu* method wrhereby they are utiliz(*d as a source 
of sulfur by the fungus. Several possibilities exist. Sulfur may be 
used only after hydrolytic removal from the molecule as free sulfonic, 
sulfinic, or sulfenic acid, depending on concomitant reduction. Tin*, 
nature of the alkyl group w^ould be of little influence in this event. 
If the barium ion is without effect upon sulfur utilization, it can be 
assumed that its hydrolytic* removal does not o(‘.cur as the sulfate {16), 
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If tlio composition of the alkyl residue does determine the extent of 
sulfur assimilation, the possibility exists that sulfur is assimilated 
only in combination with a specific carbon group, or that the presence 
of substituents may prevent nonhydrolytic removal of sulfur. 

Examination of table .*) discloses that a considerable difference in 
composition of the alkvl group [CHsCHj — as compared with 
(CHalaCIIaCHsCHo-] had no influence, on the efficiency of sidfur 
utilization. Ilowever, the presence of halogen substitiients in sodium 
iodomethane sulfonate and sodium 2-bromoethanc sulfonate definitely 
prevc'iited the assimilation of sulfur. It is improbable, that toxicity 
iflays a ]>art in this n'sponse, inasmuch as the former compound is 
claimed to be inert in the animal after ingestion and suitable for X-ray 
diagnoses. The possibility is slight that the presence of halogen 
prevents the hydrolyti(t removal of sulfur, since in compounds such 
as trichloracetic acid and ti'ichlorac(ftaldehyde its effect is to weaken 
tlu‘ carbon-to-carbon bond. It sc'cms likely, thendorc, that cleavage 
of sulfur from these compounds by the organism is nonhydrolytic, a 
rc'siduc with a double bond being formed. 

Several reasons render probable, the interpretation that the sulfui- 
is split off in the form of free snlfoxylic acid (HSOjH). The ineffective- 
ness of tlie presence of barium ion would ii\dicate that sulfur is not re- 
moved hydrolytically or otherwise as sulfuric acid. Its removal as 
free sulfurous acid (IISO3II) is possible, of course, but improbable from 
the chemical point of view. Lastly, alkyl sulfinate is ('qnivalent to 
sulfate-sulfur in assimilability and may undergo this type of cleavage 
with production of free sulflnie acid (HSOsll). \Vlu‘ther, however, 
sulhir is reduced still further before' cleavage to free sulfenic acid 
(HSOll) must await further investigation. As far as tine evidence 
goes, tin', indications are that sulfur is n'lnoved from organic com- 
pounds as free sulfinic acid, and that, the process is probably ('nzymatic 
and due to the presence of “desulfinase.” 

Since the splitting off* of the sulfonic acid gi’oup is doubtful under 
these conditions from what is known of its chemistiy, the evidence 
would indicate that reaction occurs only after reduction at h'ast to 
sulfinate has occurred. This conclusion is identical with that arrived 
at on the, basis of the data on assimilation of inorganic sulfur and on 
that of sodium hydroxym ethane sulfinjite. 

EFFECTS OF TRACE-ELEMENT DEFICIENCIES WITH VARIOUS 
SULFUR COMPOUNDS 

Further data on the relation of inorganic sulfide, and disulfide, to 
growth of Aspergillus are brought out in table 6. The yields would 
indicate, that age of sample and alkalinity of the nutrient solution 
favor the rapid transformation of sulfide and disulfide into forms 
readily assimilable by the fungus. The, addition of sodium disulfide 
to the nutrient solutiqn invariably causes the formation of a profuse 

{ )recipitate, presumably of finely divided sulfur. This precipitate 
argely disa,ppeared during the course of growth of the fungus. A 
precipitate, is also formed with sodium thiosulfate in acid solution and 
disappears similarly. 
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The acidities employed in the acid nutrient solution in table ti are 
not considered too high, since Mellor {8) states that a solution of 0.5 
N-HCl (pH=0.36±) has been found to dissolve 2.54 times its vol- 
ume of hydrogen sulfide. This is more than ample to supply the 
Cjuantity of sulfur requirwl for maximum growth. The data for sodium 
disulfide in acid solution have been omitted, since yields were maxi- 
mum owing to complete aging of disulfide. 

The sample of sulfur used in the preparation of the disulfide gave 
appreciable increases in growth when used as a sole sourc(i of sulfm. 
It IS possibh', therefore, tiiat elemental sulfur in a very finely divided 
form is capable of utilization by the fungus in the. presence of reduced 
inorganic, sulfur compounds b('cau8c it is more readily converted to 
assimilable sulfur chemically. Trials with equal quantili(!s of ele- 
mental sulfur and of sulfur as sulfides, hyposidfite, sulfite, or thiosul- 
fate gave increases over and above those attribulablo to the individual 
constituents with sulfur and thiosulfate* aied Avith sulfur anel hypo- 
sulfite. 

Results with trae*e elements proved elisappointing in viesw esf thes 
insolubility of sulfieless (except gallium). The* markesel eiciellticiitiou of 
the substrate* eiuring the course of development was pi obably ressponsi- 
ble fesr the negative results e»l>taineel. As previously nie*,ntione*d, fe\r- 
rous sulfide readily dissolves under these e;onditie)ns. Neve^rtheless, 
cupric sulfide is insoluble at mue*.h higher aeiditie*.s than were lu're* 
encountered. The data would indicate, however, that the \isual trac(* 
elements wer(' required for growth. J)etici(*ncy of individual trace* 
elements was without marked effect on acidity of the* cultures at har- 
vest, or on starch in the mycelial felts, except in thos(' cases in Avhich 
addition of manganese was omitt(*d. ' 

The effects of a trace-element deficiency with various sulfur ct)ra- 
pouuds serving as sources of sulfur in the nutrition of Aspergillus 
niger are tabulated in tjiblc 7. It is evident that the trace (Jemiuits 
required Avith sulfate sulfur arc also needed for growth Avith other 
inorganic sources of sulfur, no matter in Avhat stage of reduction. A 
similar condition was found to exist with cystine, tauriiu!, methionine, 
and their derivatives. No evidence was obtained that reduction of 
inorganic sulfur to a form suitable for conversion into organic sidfur 
is specifically associated with the pTsesence of one of the essential 
trace elements. It should be realized, on the other hand, that fur- 
ther refinem<*nt of cxp(*rimental technique’ may lead to <iuite diflerent 
results in the future. Results on sporulation, formation of starch, 
and acidity of the substrate, at harvest were also much the same with 
all sourc(!S of sulfur. 

Interpretation of the data with propyl sulfone. requires further 
Study, though growth with tliis compoimd has been previously as- 
sumed to be due to other sulfur impurities. Dimethyl sulfone cannot 
supply assimilable sulfur. Nor were alkyl sulfoxides available, for 
trial. The fact that, propyl sulfide caimot be utilized should not 
be considered as confirmatory evidence, since ethyl mercaptan can- 
not bo assimilated, whereas its oxidation product, ethyl sulfonate, 
can be used. 
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EFFECTS OF NUTRIENT-SOLUTION PURIFICATION WITH VARIOUS 

SULFUR SOURCES 

Results witli trace-oleiueTit delici(*ricies after nutrient-solution 
l)iirifjeation with caleiuni carbonate (table 8) emphasize the results 
obtained with unjiurified solutions. There would S('em little doubt 
that all th(‘ essential tracer elements an* re(iuir(‘d irresj)ectiv(* of the 
source of sulfur. Results with iron and zme defici(‘ncies were good 
from the (*x])erimental point of view" with every sulfur compound 
tested. Omission of coj)})er led to the greatest decr(*.ase in grow"th 
with sodium hyd!*<)xym(*thane''sulfmate. Best results on manganese 
were otitained wdth methionine. Cysteic acid gave maximum 
decr(*ases in yield on omission of molybdcaium and of gallium, but 
the r(‘sults were i)oor. Litth* weiglitf is placed on the data for n- 
])ropyl sulfom*. Int(‘r])retation of th(*se results, lunvever, must 
await furtlu‘]‘ ('vidcaicc* that tliey are not fortuitous. 

Increased myc(‘lial deposition of starch occurnal most fn^cjiiently 
with a deficiency in manganese, sometimes with a deficiency in 
molybdenum, and inon* rartdy wdth a defi(*i(*ncy in copper or iron. 
This phenomenon w as usually accompanied by specially high increases 
in acidity of the substrate and a sharp diinimitiou in sporulation. 
In no instan(*(* did similar rt‘sponses accompany th(5 omission of zinc. 
Sinc(* yiedds on omission of zinc w^ere far less than on ojnission of copp(‘r, 
manganese*, or molybdenum, these*. differen(*es may be only concentra- 
tion (‘ffects and not specific. 

DISCUSSION OF RESULTS 

The growth data on sulfur utilization w"ith conii)ounds of the 
sulfide-sulfate series and the* mercaiJtan-sulfonate* series w'ould appear 
to justify the* assumption that reduction is tlu^ normal pr(‘liminary 
process in the utiliza tion of sulfur compounds. This has been assumed 
in the case of sulfate assimilation {2^ 12). These data would 

indicate*, however, tluit reduction mav be carried too far. Wlien 
carried beyond a c<'rtain stage (sulfoxylate or sulfinate) the nutritive 
value of sidfur com])ounds (iisappears. I^vidcntly the reverse proc(^ss 
of oxidation of sulfur is performed by the fungus with great difficulty, 
if at all. 

A distinction should be made in this connection as concerns metabo- 
lites since the organism was able to assimilate all cystine derivatives 
regardless of tlie state of oxidation of tlie contained sulfur. Metabo- 
lit('S, or their derivatives, wmuld appear to follow" a definite metabolic 
channel wlu*ther synthesized by the fungus or added to the solution 
as a nutrient. It is possible that all assimilated sulfur pass(*s through 
the amino acid stage, since cystine and methionine afford excellent 
sources of sulfur for genoi*al use in metabolism, equal to that of sulfate- 
sulfur or any otlier. However, it is not definitely known wdiether 
cystine and methionine are assimilated as a whole when fed to the 
fungus, though this is assumed to be the case. Tliiamin chloride was 
practically unavailable as a general source of sulfur. Tin*, fungus 
does not suffer from the inability of mammalian forms to convert 
cystine into methionine. 



Table 8. — Effects of trace-element deficiencies on grouth of Aspergilhis niger for ^ days at 35^ C. with various sources of sulfur supply after 

purification of the nutrient solution with calcium carbonate ^ 
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If metabolites serving as nutrients may be pictured as passing into 
the normal channels present in the organism for their use, the case 
of nonmetabolites falls into a different category. Nutrients must 
first bo altered to a form suitable for assimilation (digestion) and so 
brought into normal metabolic channels. 

Wliile mercaptans are formed by various organisms, they are probably 
products of catabolism (waste products) and therefore without a 
normal channel for anabolism. In this case also, sulfur as alkyl mer- 
captan was unassimilable, whereas it became readily assimilable 
after oxidation to alkyl sulfonate. Possibly alkyl sulfinates ' (RSO 2 H) 
or alkyl sulfinates (RSOH) will be found equally effective. It appears 
probable, therefore, that with organic compounds also a basic distinc- 
tion exists in the absence of o.xygen jmd its presence in combination 
with sulfur, or in an adjacent group. The partial utilization of sub- 
stances like jS, /S-dihydroxyethyl sulfide, whereas ethyl sulfide pre- 
sumably cannot supply sulhir, illustrates the point under discussion. 

Though sulfur in alkyl sulfones is combined with oxygen, these 
proved to be poor sources of sulfur supply. The reason for this may 
be the inability of the fungus to effect their reduction. It is known 
that even nascent hyclrogen cannot bring about their reduction. 
Investigation of the assimflability of sulfur in alkyl sulfoxides should 
help to decide whether this is the correct or sole interpretation. 

Other factors of molecular configuration may prevent the utilization 
of organic sulfur. Sulfur attached to the benzene ring was unsuitable 
for use in assimilation irrespective of its state of oxidation. However, 
further tests may reveal that the presence of adjacent groups may con- 
siderably modify tliis response. Sulfur in the thiazole ring (thiamin 
cldoride), or other rings presumably, will probably prove of little value 
as a nutrient, rmless special conditions exist that permit of its ready 
release in combination with oxygen. The fungus seems unable to avail 
itself of sulfur attached to carbon, as in thiourea, tliough again 
exceptions may exist. The number of sulfur derivatives available for 
test W'as far too small to arrive at final conclusions. There is some in- 
dication that the presence of adjacent groups (HO — , CO—, NH* — ) 
may increase the availability of sulfur. 

Nevertheless, the different lines of approach employed in the study 
of sulfur assimilation by Aspergillus niger have peldod an identical 
conclusion. Sulfur, it was found, wa% reduced and transformed to 
sulfoxylic acid when supplied as sulfate or alkyl sulfonate. Hydroxy- 
methane sulfinate, a derivative of sulfoxylic acid, was as effective as 
sulfate in supplying sulfur. Miscellaneous compounds effective as 
sources of sulfur supply seem to require the presence of oxygen in the 
molecule. A further reduction to sulfenate before assimilation 
is a theoretical possibility, though no alkyl sulfenates are known. 
Wliether other available sulfur compoiuids (/3, jS-dihydroxyethyl 
sulfide, etc.) also decompose to form sulfinate is unknown and must 
await further investigation. It should not be overlooked, however, 
that anabolites need not conform to this ^havior. 

Nicolot (11) has suggested the possibility of methylene pyruvic 
acid being a precursor in the utilization by the plant of sulfur in the 

i A supply of sodium n-butane sulUnate (CHsCHiOITtCHiSOsNa) became available through the kindness 
of l>r. WlUiatn R. Ziegler and Dr. Ralpli Connor, of the John Harrison Laboratory, University of Pennsyl- 
vania, Philadelphia, Pa., after completion of this manuscript. Yield with 24 mg. per liter of stufur supplied 
a$ diis compound was 1,173.2 mg. In the presence of barium ion (see table 6) the yield was 768.0 mg. 
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form of inorganic sulfide or disulfide or as mercaptan, to account for 
tin', formation of methiouino. Exp(*rimental results with Aspergillus 
niger would indi(*.ate, however, that the forms of sulfur postulated hy 
Nicolct are iinassimilahle fiy this fungus. Other organisms (bacteria) 
may he capable of assimilating sulfide, disulfidt'., and mercaptan and 
may possildy iollow the Nieolel course of assimilation. A clear 
distinction should b(' nunU^ by investigators of this question between 
utilization for energy and as units for ('ssmtial metabolites. Experi- 
mental proof with aerobic forms would be difficult or impossible 
because of atmospheric oxidation. Conditions with anaewbes would 
probably be such as to afford ade(iuat(‘. proof. 

Nonassiniilation of sulfur in sulfide, disulfide, and alkyl meuraptan 
by Aspergillus doc^s not mu'cssarily imply that methylene pyruvic 
acid does not s(*rve with this organism as a precursor of methionim'.. 
The available information might r(aulily be interprett'd on thci basis 
of side re.ac’tions that lead to the locking of sulfur in unavailable form. 
Addition of sulfoxylic acid at the double bond of mc'thyleiK'. pyruvic 
acid is (|uite probables chemically. OtluT biological data would 
indicate that forms of sulfur (sullidc', thiourea, etc.) unavailable to 
Aspergillus niger are r(*adily assimilated by c('rtain of the bacteria. 

SUMMARY 

Alt(‘rations in the sources of sulfur su])ply w(‘re practi(*ally without 
eflect on tlu' tiace-(‘l(*ment requirenu'nts of Aspergillus 'niger Vati 
''Fiegh, Iron, zinc, c.oppc'r, manganese, molybdeuium, and gallium 
wc're apparc'ntly rc'cpiired in approximately ('(|ual d(*gree, whatever 
the state of oxidation of sulfur supplied as a nutrient. The slightly 
b(dt(T results obtaiiu'd through omission of copper with sodium 
hydroxymethane sulfinate, of manganese with metliionine, and of 
molybd('nuni and gallium with cysteic acid may prove to have been 
due to (‘hance. 

A survey of the assimilability of inorganic sulfur compounds indi- 
cated that sulfur is reduci'd to sulfoxylate prior to its conversion to 
organic^ sulfur. Sulfidt' and disulfide were not assimilated. 

Assimilability of organic sulfur varied witli molecular configuration 
and Avas also (*,orr('lat('d with the presi'ucc of att/ached or adjacent 
oxyg(‘n in the molecule. Alkyl nuTcaptans, sulfides, and disulfides 
could not be used as a source of sulfur, whereas alkyl sulfonate and 
alkyl sulfinate were readily available. Utilization of sulfur in alkyl 
sulfonat('s and alkyl sulfinates was cmisidi'red to depend on their 
decomposition into free sulfinic acid and an imsaturated residue. 

Anabolites, particularly cystine and its derivatives, homocystine, 
and methionine, were readily available as sole sources of sulfur supply, 
irresp('etiv('. of the state of' oxidation of tluur contained sulfur, and 
were assumed to follow the normal channel for tlu'ir metabolism. 
Catabolitos and miscellaneous synthetic organic sulfur compounds 
were assumed to require a process of digestion before assimilation. 

ADDENDUM 

The data in table 9 W(W> obtained after completion of the manu- 
script of this paper and are included as a demonstration of the assimila- 
bility of alkyl sulfinate by Aspergillus. The difficulty with which 
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compounds of this type can be obtained also made it desirable to 
report on its utilization as fully as possible. 


Table 9.^ — Growth of Asperg'illxi^ niger at 36^ C, for 4 days with sulfur supplied as 

sodium n-buiane sulfinate ^ 



Unpurified (2.^ mg. sulfur per liter) 

Purified with CaCOji (60 mg. sulfur per 
liter) 

Element omitted 

Yield 
per 2.5 
gm. of 
sucrose 

Projior- 

Acidity 
at har- 
vest 



Yield 
per 2.6 
gm of j 
sucrose 

Proper- 





tion of 
maxi- 
mum 
yield 

Starch 
in my- 
celium 

Sporu- 

lation 

tion of 
maxi- 
mum 
yield 1 

Acidity 
at har- 
xest 

Starch 
in my- 
eedium 

Sporu* 

lation 


M(f. 

Percent 

pH 



^fg. 

Percent 

pH 



None 

l.OU.O 

100 00 

1.71 

0 

8 

l,2fi2 5 

100.00 

2. 54 

0 

1(1 

Fe 

221.6 

21.28 

1 96 

0 


6,8 

.54 

2 94 

0 

IJ 

Zn,.,. - . 

379 0 

36 47 

1 75 

0 

10 

8 4 

' . 66 

2. 94 

0 

(1 

Ou 

1,150 6 

1 10 53 

1 84 

2 

8 

1,016 7 

! 80 55 

1 2.05 

2 

4 

Mn . - . 

812 0 

78. 01 

1 57 

3 

4 

728.2 

57 60 

! 1. 51} 

4 

4 

Mo 

1,025 4 

98 50 

1 1 62 

1 

! 6 

1,096.5 

86 85 

i 1 89 

2 

6 

Ga 

1,108.7 

106, 51 

1 66 

1 

8 

1, 269. 0 

1(X) 51 

1 2 64 

2 

1(1 

Maximum _ . 

0. U., - 

1,150.6 

46 02' 

- 


- 

1,295 7 

51.8;} 




pIT. . . . 

1 - - 

7, 35' 

: - 

- 

' - ' * 

7 47 


-■ 


> Soo footnotes to table 6. 
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INlflRITANCE STUDIES ON DURATION OF DEVELOP- 
MmTAL STAGES IN CROSSES WITHIN THE GENUS 
LYCOPERSICON ‘ 

By LbBoy Powers, ftenior geneiicistf and CnANNiNCf B. Lyon, junior physiologist, 
•Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry^ 
[Jnited States DeparUrieni of Agriculture 

INTRODUCTION 

This study Meals with the inheritance of duration of three stages of 
dev(dopmenl in certain crosses involving varieties of Lycopersicon 
esculerdum Mill, and L. pimpinellifoliurn (Jusl.) Mill. These three 
stages are (J) nunibcT of days from .s(‘eding to first bloom, (2) number 
of (lays from first bloom to first fruit set, and (3) numlxT of (lays from 
first fruit set to first complete' (*hang<‘ of c(fior of any fruit. The sum 
of these tlin'o stage's obviously repres(‘nts the number of daj’^s from 
si'eding to first ripe fruit and may be reganUM as the measure of an 
(‘arliness-of-maturity character. 

The purpose's of the investigation were to determine wheth(?r these 
si'veral natural biological p(*riods in the d('V('lopment of the tomato 
plant are (leflniU* subcharacters; to obtain information conce'rning 
iu't('rosis and dominance; and to asce'rtain the efficiency of the fit 
betw(*('n obtained and theoretical means, based on c('rtaiu formulas 
(^, as a nu'thod of determining whether the effc^cts of the genes 

(lifTerentiating the quantitative characters are arithmeti(*ally or 
g('ometrically cumulative. Tlu' inv('stigatioTi was carried out all the 
Cheyenne llorticultural Fi('l(l Station, Cheyenne, Wyo. , 

Througiiout th(' study and the interpretation of th(' data, the authors 
have attempti'd to keep in mind the probability that the geru's bring 
about the differentiation of a character by initiating (eith(T directly 
or indirectly) d('V('lopm(Uital proc('sses which, no doubt, in many easels 
inU'ract among themsc'lvx^s (10, 11, lo, 20, 29, 32, 42, 43)- 


EXPERIMENTAL CONSIDERATIONS 


The design of an exp('riment has considerable bearing upon the 
interpretation of the* data. Such being tlw' case, the purpose or 
purposes of tui experiment play a considerable part in determining the 
experimental design. The design for th(' present- study was based on 
genetic and statistical considerations. Xhe genetic aspects will be 
consid(^red first. 

From the immediately foregoing statements, it is apparent that the 
experimental design should allow for testing whether the stages 
(number of davs from planting to first bloom, number of clays from 
first bloom to m^t fruit set, and number of days from first fruit set to 


1 neceived for pubtication December 27, 1940 
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first compieto change of color of any fruit) are definite subcharacters, 
i. c., biologically sound subdivisions, of number of days from planting 
to first complete change of color of any fruit. To test the logic of such 
a division it is necessary to have parents that differ phono typically as 
regards these stages. Lycopersieon pmpinellifoliumy variety Kod 
Currant, and L. esculenlumj varieties Johannisfeuer, Danmark, and 
Bonny Best, wc're believed to have' this diversity and for that reason 
W(Te used in the study. 

N(‘xt, the experiment should provide for measuring heterosis and 
dominanc(‘. Since heterosis and dominance may be determined by* 
comparing th(' expn'ssioii of a character in the Fi with the expression 
of the same character in each of the parents, at l(*-ast both parents and 
the Fi should be included in the study. 

Also, the design should allow for determining the elBcieney of the 
method involving the fit between obtained and theoretical means for 
testing whetlier th<‘ cdfects of the gen(‘S are arithmeticallv or geo- 
metrically cumulative. Lindstrom (21), Powers {29), and Lyon (23) 
have pointed out the necessity, in such studies, of taking dominance 
into consideration. Therefore, in order to obtain the most information 
possible from any particular cross this medhod requires that both 
parents, the Fi and F 2 generations, and the progenies obtained from 
backcrossing the Fi to each parent be included. 

One other genetic consideration in the design of the experiment 
should be mentioned. Since the facilities of most inve^stigators are 
limited, one usually has the choice, in field investigations, between a 
larger sample of plant material, as represcMitinl by number of crosses 
studied, and a larger sample of environmental conditions, as repre- 
sented by years. To obtain as large a sample of plant material as 
possible it would be ncK^essary to grow different ci*osses eveu-y year; 
whereas to obtain as large a sample of years as possible, it would be 
necessary to grow the same' crosses evc^ry year. In this study the 
authors were mor-e interested in obtaining as large a sample of plant 
material as possible but did not want to neglect entirely environ- 
mental effects as represented by years. Consequently, the cross 
Johannisfeuer X Red Currant was grown in 1937 axrd 1939, the cross 
JohannisfeueT X Danmark was grown in 1938 and 1939, the cross 
Danmark X Red Currant was grown in 1938, ami the cross Johannis- 
feuer X Bonny Best was grown in 1939. Furthermore, this design 
provided that Johannisfemer, Red Currarft, and Danmark b(‘ crossed 
in all combinations and that Johannisfeuer be crossed with all varieties 
used in the study. The* sample of plant material was suflEicient to allow 
the drawing of definite conclusions, and the sample of years was suffi- 
cient to furnish information on th(‘ interaction betwe'en environment 
and the gemes differentiating the duration of stages of development. 

The experimental design as regards the greenhouse* and field, tech- 
nique ivas very similar to that reported by Powers (28, 29). Conse- 

a uently, only such details as are essential to an interpretation of the 
ata will be given here. The parents and generations were grown in 
a randomized-block experiment, there being a total of 9 blocks in 1937 
(with the exception of the Fi generation, which will be mentioned later) 
and a total of 20 blocks in 1938 and again in 1939. One of the replica- 
tions of the Bonny Best parent was lost in 1939. Yates' method ( 44 ) 
was used in calculating the missing plot. The material was random- 
%ed witlnn blocks by the use of Tippett's tables (38) , and the random- 
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ization was the sainci for the greenhouse and the field. Th(‘ seed was 
sown on April 12 in 1937, on April 20, 21, and 20 in 1938, and on April 
17 in 1939. The plants were spotted out in flats on April 26 and 27 
in 1937, on May 5, 6 , and 9 in 1938, and on May 1 and 2 in 1939. The 
material was transplanted into the field on May 20 and 27 in 1937, on 
June 1 in 1938, and on May 31 and June 2 in 1939. All operations 
wei’(* p(Tform('d on ihn basis of blocks. Randomization witliin blocks 
prevented the dang(*r of confounding any diff(‘renc(‘s due to operations 
with diflenmees due to crosses, parents, or generations. 

The plots wer(‘ 24 plants long in 1937 and 1938, and 12 plants long 
in 1939. In 1937 the plants were spaced 3)2 feet ai)art within the plot 
and the plots were 3},! feet apart. This providc'd a spacing of 3 J 2 by 
3)2 feet for plants. In both 1938 and 1939 tlie spacing was 4 by 4 feet. 
The greater spacing of 1938 and 1939 materially facilitati'd the taking 
of notes, as all not(‘S were taken oji the basis of individual plants. 

Th(‘- seeds W(‘re sowii lat(* in an (dfort to avoid any blooming of plants 
before transplanting into the field. In 1937 only tw^o plants had 
bloomed before transplanting, in 1938 none, and in 1939 five. The 
material W’^as grown uiuhr irrigation; and sufficient wat(‘r was supplied 
during the spring, sumnuu-, and early fall to keep the plants in a 
vigorous growing condition. 

In 1937, tlu^ Fi g(‘neration was grown with tht‘ j)ar(ufls in a separate 
randomized-block planting because of the smaller number of Fi plants 
available. All com])arisons Involving this geiuu'ation are made 
through th(* parents in tlu' two sets of randomized blocks. This 
accounts for th(‘ large standard errors of the Fi and of the theoretical 
means for 1937. 

One of the environmental infliamces should be mentioned. Severe 
hailstorms on July 15, 1937, and on July 13, 1938, caused quite uniform 
damage over the plantings in both years. To overcome possible differ- 
ences due to hail injury, all plants wwe uniformly pruned after the 
liail, all remaining fruits, flowxTS, and flow^er buds being removed, In 
1937 first-bloom data wer(‘ obtained both before and after hail damage. 
Although, in 1937, 12 percent of the plants had not bloomed before the 
hail, the authors believe that thes(» data taken Indore bail have value. 
TlH‘refor(‘, 2 days were added to the period from planting the seed to 
the date of the hailstorm, and this value w^as recorded as the number 
of days from the planting of th(» seed to first bloom for those plants 
that had not bloomed. This wdll be mentioned again in tlie interpreta- 
tion of the results, 

A clear understanding of the stages involved in thc^ earliness-ot- 
maturity character, as measured by numbtu* of days from seeding 
to first complete change of color of any fruit, is essential to a proper 
interpretation of the results. As preWously stated, this character 
w^as divided into the following stages: Number of days from seeding 
to first bloom, number of days from first bloom to first fruit set, and 
number of days from first fruit sot to first complete change of color 
of any fruit. 

The individual plants were easily classified on the basis of these 
stages of development, lii classifying plants for the first stage of 
development, the plants were recorded as having bloomed ontheday 
that the petals opened out. For the second stage of development; 
the fruit was considered as having set when the ovary showed definite 
enlargement. The plants were examined regularly thereafter until 
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the fruits were definitely established on the plants, to determine if 
sloughinp; oc(Jurred. ITndcr the conditions of this experiment, 
sloughing of fruits nirely if over occurred. This second stage com- 
prised the period after flowering necessary for definite enlargement 
of th(j ovary and the period during which flowers might have been 
sloughed. Th(^ period from the time of blooming of any one flower 
until its ovary has definitc'Iy enlarged is longer for some varieties than 
for others. Also, in some years, all of th(» blossoms do not s(d. fruit, but 
instead an abscission layer is formed and the blossoms drop. Hence, 
the stage from first bloom to first fruit set is prolonged. In (»stab- 
lishing iho third stage of development, the lii'st complete change of 
color was ri'corded as that time when the groen in the fruit had 
disappeared. On any specified fruit this date could be determined 
within a day. 

The iindhod employed in reducing the data was essentially the same 
as that used by Powers {29), with the exception of some minor changes 
desirabh' because of the nature of the exp(‘riment. Only tln'se 
changes n(‘ed be mentioned liei'c. Since tin' primary in((‘rest lay in 
comparisons between averages of parents or generations, the plot 
instead of the plant was used as the unit for reducing the data. Then, 
for ('ach parent and generation the standai*d (*riors W(Te ('stimat(*d for 
within crosses from the averages of plots, which were* derived from 
single-plant data.. In all tables the standard (‘rrors of the means are 
given. Differences Iniving P values less than 0.05 were considered 
as statistically significantu The symbol Bi, which appt^ars both in 
the tables and in th(». text, signifies that the progeny stu(li('d resulted 
from backcrossing the Fi to the designated panad.. 

In either bn^eding or g(‘netic studies the proldems involved are 
generally simplified if the characters iimhT investigation can be 
properly partitioned into their components. This is readily appiv- 
ciated when one stops to consider that the nurnbeu* of gen<»s differ- 
entiating any particular component of a cliaract(*r must be less than 
the number aifrcM’cntiating the chara.ct(*r itself. Ibuice, both the 
breeding and genetic facts arc made more intcdligibh'. by partitioning 
the character into its coin])onents. The (*arliness character, mi'asured 
by the number of days from seeding to fu'st comidete change of color, 
with which these studies are (‘oncenied, seiuns to be composed of tin' 
three stages of d(‘vclopment already t^)e(‘lfied; namely, number of 
days from seeding to first bloom, number of days from first bloom 
to fix'st fruit set, and number of days from first fruit set to first com- 
plete change of color. 

Before proceeding further, it is desirable to examine the data for 
the purpose of determining whether these stages of devdopment are 
subcharacters of number of days from seeding to first complete change 
of color. If they are subcharacters, variation as to the duration of tlie 
different stages of development may be expected among the paients 
and generations. Likewise, different combinations of the duration 
of the different stages* of development may b(^ expected to occ.ur 
among the variants (parents and generations). For example, all the 
stages of development may be of short duration in one variant, all of 
long duration in another variant, and the firat two may be of short 
duration and the last of long duration in a third variant. .Obviously, 
other combinations arc possible but need not be given, as those already 
presented are suflScient to illustrate the point. 
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EXPERIMENTAL RESULTS 

SUBDIVISIONS OF EARLINESS CHARACTER 
JOHANNISFEUER X ReB ClRRANT AND DaNMARK X JOHANMSFEIJER 

For the cross JohannisiVuer X Ked Currant the data that have a 
b(‘arin^ upon the problem as to whethei* tin* three stages of development 
form subcharacters of number of days from seeding to first complete 
change of color of any fruit are given in table 1. An examination of 
these data revt*als that the iieriod from seeding to first bloom is of 
short duration for K('d Cunant and the Fi generation and of long 
duration for JohannisiVuer. For nuinlxu* of days from first bloom to 
fiist fruit set, the diflVr(‘nces between means are not great. How(*ver, 
for 1939 the Fi giunuation, in comparison with the parent varieties, 
has a definitely shorter period from first bloom to first fruit set. These 
same (*omparisons for 1937 are not conclusive bc^causc' of the largij 
standard error for the mcain of the Fi generation. The period from 
first fruit set to first complete* change of coloi* of any fruit is short for 
the Fi g(*nera-tion and for flohannisfeuer. It is short for Red Currant 
also in 1937 but sonu'what long(*r in 1939. The facl that the means 
of the Fi generation are* the smallest for the e*haracter number of days 
from se'e'eling te) first e'omplete* change of e*ede)r eif any fruit indicates 
that all thre*e of tlie* stage*s of devcleipme'nt for the Fi gemeration arc 
of short eluratiem. 

For the* creiss Danmark X Jeihannisfeu(*r, the* me‘ans, expresse*d in 
numbeT eif elays (table* 1), sheiw that the perioel from seeding to first 
ble)e)in is e*e)mparative‘ly short fe>r Danmark anel comparatively long 
for Je)hannisfe*uer. Tiie* means of tlie* gene'raiiems feir this stage of 
eh‘ve‘lopnu‘nt fall in betwee*!! the* me*ans of the* two pare'iits, grading 
from erne paivnt te) the eithe*!*, ele*])e*nding on the* e'lt)se*n(*ss ejf tlie genetic 
re'lationshi]). For the* se'e*e)nel stage e)f eleve*lopme‘nt, the Fi geme*ration 
has the* smalh*st mean in eaedi year anel the* means of the other ge*ne*ra- 
tions appre)ae*h the means of one or the other parent as the* ge*neratiem 
be*ing e'onsideivel ap[)re)ache*s a particular parent in gen(*tic relation- 
ship. Th(*re are ne) statistically significant diffe*re*nc(‘s between 
the* means of the ])ar(*nts as regarels number of days from first ble)om 
to first fruit set. Danmark has a long pe*rie)d frmn first fruit set to 
first (‘omple*te change e)f colc»r of any fruit, whereas this same pe*riod 
feir fFeihannisfeuer is sheu’t. The m(*ans of the* diflViTut g(*nerations 
fall be*t^ve'en the meniiis of the two parents, be*e^oming larger as the 
ge*ne*rations uppre)ae*h the Danmark parent in genetie* ivlationship. 



T%ble 1 Means^ expressed in numhn of days ioi different stages of divelopment foi the ctossf< Johanrusfeut i X Red Cuirnnt in 1937 and 1939 

and Danmaik X Johanni^leuef in 1938 39 
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Danmark X Red (-errant and .Iohannisfeuer X Bonny Best 

Tho in(‘aiis, oxprossod in iiuinbor of days, for difforent sta^(‘s of 
d('Vt‘lo])incnt for tin* crosses Daiunark X Rod Currant and Joliannis- 
fcMicr X Boiniy Best aiT Uste‘d in table* 2. As rcgarels the Danmark X 
Re‘d r-iirrant cross, the Ff ^e‘ne*ration has the sliorte*st p(*rie)el for all 
three* stages of ele*ve*lopme‘nt. Re*d Currant (tabh*s 1 and 2) lias a 
comparative*ly sheirt pe*riod feir all thre*e* stap*s eif development, 
whe*reas Danmark (table*s 1 and 2) has a ce)mparative*ly short period 
freim seeelinji* te) first ble)e)m anel a e‘e)mj)arative*lv lon<>’ pe*rioel from first 
fruit se*t te) first eromple'te* change of (‘oleir of any fruit. From table 2 
it can be see*n that Bemny Be*st lias a comparative*ly lem^ period for all 
thive stage's of de*velopme*nt, whe‘re‘as Johannisfeue*r has a long pe*rie>el 
freim se*e*eling te) first bleiom. The Fi e)f Je)hannisfe‘Ue*r X Bonny Best 
has a short ])e*rie)d fre)m se*e*ding to first bleieiin and from first bloom te) 
first fruit set. The* pe*riod from first fruit set te) first e*e)mplete e*hange 
of ce)le)r of any fruit for the* Fi is e)nly 2.G elays longe*r than the sanie», 
pe*rie)el for Je)hannisfe*uer. 

Tarle 2. Mrans^ rxpi'fKi^a] in number of dnyH, for (hffewni stages oj ddiloptnent 
Jot ih( ('losses Danmark X Durrani 'in lOdH and Johannisjeuci X Danny 
D(st in tfiSi) 

i)A\M\KK X KKi) e'e'i{R.\N r (iimi 




Period from 

Period Irom 

I^enodfioin I 
first fruit set ' 
to first com- 
|tl» te chaniri* 
of toloi of an> 
Iruit 

I'enodfrom 
.seeding to first 

I'arnif (II 

Liciii’iat K'li 

Jo 

fust 

firM bloom to 

fomiilete 



liloum 


first fruit set 

1 Haume of (olor 
of •an> fruit 



/laijH 


Jean 

;>(/// V 


7au/v 

K(m 1 ( ‘iirr,i!il 


»S Xt'2 

h J2K 

52 O-tO 

5< »4 

1.5(1 010 822 

Hi to R(‘(1 { 'unnnt 


97 

:ho 

\± orit' 

52 0+ 

42S 

15.5 01: 172 

Ki 


U7 :*+ 

HiH ’ 

4 S-l- («»-l 

.51 oi 

(lOU ' 

1.5;i 8+ 730 

F U(‘iicr5ition 


, o-t- 

1 

'■» 2-1- 1)57 

52 Oir 

:n2 ' 

1.50 Oir 480 

Hi To 1 »ariinnik 


' .H 

:kl* ' 

5 1 r 055 

.50 1-4 

2.57 

1.50 215 

I laiioi.irk 


1(»0 {H 

482 ' 

.5 0:1 101 

Od ;i L 

12.5 

KiO 8 i- .544 


!OlI \N\1SFEI EK : 

X HO\\\ HEST 



lohiimiiNfoucr 


HU 4jlU 

77t) i 

1 5d-0 100 

1 15 2_l-0 48 J i 

1 11-0 8,28 

Hi to .lohannisfi'uor 


, M 7J. 

td'i ' 

1 7:t HiO 

40 «i 

480 , 

12ti i± 70.5 

Fj peiUTMtion 


' 82 

77(> 

4 170 

i 17 81 

470 

! I.n0lr.72(. 

F 2 i»(*u«*ru! loii 


1 .H.‘t odL 

70 

4 .5rt 170 

10 .5.1 

.5,58 

' 137 .5-j 851 

Hi to Honny Host 


• S4 7± 

SH. ' 

4 :.± 155 

.50 11: 

t»50 . 

H0 2±1.00(» 

Hoiin> Host 


I stl '2-Jr 

.>7t» 

2dr . 222 

’ .5.5 51: , 

,782 

110 S:£ (M)H 



Summary for All Crosses 





It is de*sirable at this time to summarize the e*vi(le'nce as to whethe*r 
the designal e*d stages of de*velopmt*nt are* subcharae*te*rs of number of 
days from seeeling to first complete ediange* of e*edor of any fruit. From 
the fact that the maximum difference between the* means of anj’ of the 
compai’able variants was only l.l elays for numbe*r of elays from first 
bloeim to first fruit set anel "from the fact that the* largest me*an for 
any variant was only 5.7 days, it may be concliieled that this stage of 
development is of comparatively short eluration fe>r all the variants. 
However, statistically significant ditferene*('s were shown to occur. Ail 
three stagers of development were found to be of short duratiem for the 
Fi generation of the cross DanmarkXRed Currant. Re‘d Currant was 
found to have short pe^riods from seeding to first bloom and from first 
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fruit set to completo chaugc of color, whereas Bouiiy Best was found 
to have long: periods for thes(i same two stages of devolopinent- and in 
addition to have the longest period from first bloom to first fruit set 
of any variety or gi'ruuation with which it is comparable. In Johannis- 
feiier a long period from seeding to first bloom is combined with a 
short period from first fruit set to first complete change' of color of 
any fruit; wlu'reas in Danmark a short period from seeding to first 
bloom is cojnbined with a long j)eriod from first fruit set to first com- 
plete change of color. It is apparent that variations occur in the dura- 
tion of these tliree stage's of deve'lopment. Also, the findings for 
Johannisfeuer and Danmark prove that these' variations may occur in 
differe'iit (‘ombimitions. Hence, one may conclude that numbe'r of 
days from seeeling t>o first complete' change eif color of any fruit, is 
(‘omposeel of the three substages indi(*at(‘d anel that therefore' the 
divisions made are biole^gically sound. 

It might be well to point out that the authors do neit cemtenel that 
the characte*r stuelieel might not be partitioned further tei advantage. 
For e'xample, it might be aelvantageous to divide' the' stage' numbe*r of 
days fre)m see'ding to first bloom into nurnbe'r of days re*(|uireei for 
ge'rmination and number of days from germination te) first bloom. 
This was neit done bc'cause of the' elifficultie's invedve'd in obtaining 
inelividual plant elata on gea rninatiem. 

EFFEe^T OF ENVIRONMENT ON STAGES OF DEVELOPMENT 

Having found that the stage's of devedopment as de'signateel are' biei- 
logie'ally sound, it is elc'sirable to examine tlie' elata for the purpeise of 
determining the' influemete that the c'nviremme'nt has upe>n an inte'rpre*- 
tation of the' data. Infeirination concerning tlu' influence of e'liviron- 
nicnt may be obtained by comparing the' number of elays freini seenling 
to first bloom before and afti'i* the hailstorm in 1937 anel by e*omparing 
the differe'iice'S betwe'e'ii y/'ars for the eTe>sse\s JohannisfcuerXBe'd 
Currant and Danmark XJohannisfe'ue'r. 

Wlien interjireting the data for mean numbe*r of elays from se*eeling 
to first bloom be'fore and after hail for e»ach pare'iit anel generatiem 
(table 3), it shoulel be ke'pt in minel that 12 percent e)f the' ])lants hael 
not bloome'el before the hailstorm e)e*curre'-el and that, in calculating tlie^ 
means anel stanelard e'rreirs, all of the\se plants we'i*e e;onsie]ereei as hav- 
ing bloomed on what woulel have*, been the next elate' for taking ble>om 
data. Bloom data wore takeai tlu'ee time's a wee'k. It is apparent that 
the means of all the pare'iits and generations we)uld not be' affeedeel te) 
the', same degree by such a procedure but that the me'ans of the' later 
matuiung parent and generations would be somewhat smaller* than 
the'y should be in ceimparison with the means of the earlier maturing 
parent and gene'rations. ^To take a specific example', the? differe'nce 
before hail of 0.9 days bi'tween the mean of Johannisfeuer and the 
mean of Red Currant is in all probability somewhat less than it would 
have been if hail had not occurred. With the'se facts in minel, the data 
listed in table 3 may be interpreted more logically. It c'an be seen 
that the rank as to magnitude before hail and afte?r hail is the same 
for the parents and generations with one (exception; that is, in the 
comparison of the mean of Red Currant with the mean of the B^ to 
Red Currant. Since in no instance are the differences between the 
means of the Red CuiTant parent and the means of the progeny 
obtained by backcrossing the Fi generation to R(*d Currant statist!- 
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cally sigiiiiicaiit, tho exception noted cannot be attributed logierilly to 
an interaetion b('tw(‘(^n parents or generations and the environment 
but can be a(*eounted for liy chance fluctuation. The diffenuice 
betwecai th<* mean of Red Currant and the mean of Johaimisfeuer 
befon* hail (O.O) is too much greater than th(‘- difference between nuains 
of the same varieties after hail (4.8) to be accounted for by the prob- 
able errors of random sampling. The saim* eonclusion holds foi* other 
similar comparisons involving giuierations or generations and parents. 
Then the only appanuit (dfect of hail damage^ has been to decrease^ the 
magnitud(‘ of thi' difference's between parents, of dilfen^nces betwc'cn 
geiH'rations, and of differences betw(‘en parents and generations. 
Su<‘h being the ease*, the interpretation of the tlata as to the biological 
justification of the division number of days from seeding to first bloom 
lias not been aflected by environmental conditions resulting from hail 
damage. 


Table 3.- Mean iiuniher of day e from seeding io first bloom before and after hail 
for each parent and generation of the cross J ohanmsfeuer X Red Currant in 1937 


I*arent or jioneiatiou 



Period from seeding to first 
bloom 


Kcd ('iirr.vnt 
Hi to Hod Currranf 
Fi geiienit ion . . 
Fs Keneration 
Hi to Jidmnmsfcuer 
Jolmnnisfeuer 


Hefoiehail | After hail 


Dayn 

H4 2±0 277 
M 7 ± ..-tia 
i Hf) 4 d' I arss 

I 87 2± 12ti 

; Ss l)± .111 

91 Idr 22;t 


Days 

107 litO 109 
I (Mi Hi Old 

107 lidt- 540 
lOS Id- 058 

108 4-i. 077 
111 9:h .271 


In rc'gard to the (‘fleet of (‘nvironment., as r(‘pr(‘sented by years, 
upon an interpretation of th<‘ data, tlie means for the cross Johannis- 
f(‘uer X Red (hirrant. for the ytairs 1937 and 1939 (table 1) show that 
the rank of tin'. stag(‘ uumlxT of days from S(‘eding to first bloom is 
the same (within the limits of sampling error) for both years. C\)nse- 
quently, tlie same- interpretation as to the biological soundness of this 
stag(‘ as a division of th(‘ cliaracter numlxu* of days from seeding to 
fii*si comph'te change of color in any fruit wouhl have hom placed 
u])on the data if the expiu-iment had b(‘en conducted for only 1 of 
the 2 years. 

As to tlu* second stag(*, in 1937 the mean for tlu* Rt'd Currant 
variety was significantly smaller than the nn^an for Johaimisfeuer, 
when‘as in 1939 the rev(‘rse was true. The data pertaining to tin* 
second stage show that in 1938 the mean for Johannish'uer was 
5.6 ±0.093 (table 1) and for Red Currant 5.4 ±0.128 days (table 2). 
Th('S(‘ means are not significantly different if odds as great as 19 : 1 
against the difference noted being due to the probable (UTors of 
random sampling are accepted as a criterion of significance. The 
data do not agree foi- any of the 3 years. It would seem that environ- 
mental conditions as represented by years interact with parents and 
generations in such a manner that the ranking of the means of the 
parents is not the same for the different years. The environment 
must be takem into account in studying this stage of development. 
However, the conclusions as to the soundness of considering this stage 
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of (lev(‘lopmoiil a sub<li vision of tlie character under investigation is 
sliown by tli(‘ data for botli 1937 and 1939. 

Finally, in regard to the third stage of development for the cross 
tTohannisfeuerXl^Hl Currant (table 1) a detailed discussion of the 
data is not Jiec(»ssary, as it is apparent that in general the conclusions 
ar(» the same as those drawn for the stages number of days from first 
bloom to first fruit set. 

The data for the cross JlanmarkXdohannisfeuer in 1938-39 (table* 
1) show that for all three stages the rank of the nunxns as to magnitude 
is the same for both y(*ars, with the* possible (‘xception of comparisons 
involving the* Bj to Johannisfeiier, the*- Fo geiUTation, and the Bi to 
Danmark. These* possible ewceptieins are for numbe*r e>f days from 
first ble)om to first fruit set. lCve*n the\se e*xceptions cannot be at- 
tribute'el to inteTactions b(‘twee*n the* e'nvironmeuit and gene*rations, as 
the elifterences betwee*n generations can be* account eel for by the 
probable errors e)f ranelom sampling (SDy p. fj/f, table 10), In the*se 
case*s, also, the* int(*rpretatie)n place‘el upon the data as to the* bie)logical 
soundness of the* slage*s e)f ele*ve*lopme*nt as subdivisions of tlie e*haracte*r 
numbeu* of elays from se'celing te) first eamiplete cliaiige e)f color of any 
fruit is the same fe)r both 1938 and 1939. 

In summarizing the* elata for both cre)sse‘s, it can be saiel that the 
e*nvire)nme‘ntal cemelitions as re*pre*se*nte'd by ye*ars elo ne)t alte'i* the* 
interpre‘tation plaee*el u])e)n the* elata as te) whethe'i* tlie* ele*sigiiate*el 
stage‘s e)f ele*ve*lopment are* justifie*el bieile^gieally. This de)e*s ne)t mean 
that ('nvire)nme*ntal ce)nelilie)ns elo not have* an inllue‘ne*e* upon tlie 
duration of the elilTewnt stag(*s eif ele*ve*le)pme*nt. On the; e*e)ntrary, 
the data in table 1 ]e*ad eme to coneduele that environment has n 
decided e*ffect on all stage*s of elevedopment. 

HETEUeXSIS AND DOMINAN(’E 

Ace*epting Jone*s’ we*ll-known the*ory (10) of he'te*re)sis as be*ing the* 
most satisfaetory for (*xplinning the known facts rvgarding this 
phenomenon, it see*nis logical te) diseuiss he*terosis anel elominance 
under the same he*ading. This does not mean that the authors cem- 
sider that, from the stanelpoint of physiologie*al ge*netics, he*te*re)sis 
anel dominance* are* fundamentally differe*nt. In fact Jone.*s’ hype>th(*- 
sis (16) fe)r the* e*x])lanation of heterosis assume*s at le*ast the existence 
of partial elominance* of the facteirs aifecting the* chara(*ter under 
consiele*ration. In this study the te*rm “heterosis” is applied to those* 
erases in whiedi the* mean pe'riod of d(*ve*lopme*nt of the Fi is less than 
the mean of e*ithe'r pare'ut. In other words, tlie ability to complete 
the different stage*s of ele*volopmeut in a shorte*r period of time is 
takem to be* an e*xi)ression of hete*rosis. The authors would like to 
point out that the*y do not mean to imply that a different crite*rion of 
heterosis would not be desirable for other studies. 

Complete dominance is attributed in those instance's in which the* 
phenotype of the Fi is that of one or the other parent-. At the* othe*r 
(ixtreme, when the phenotypes of the Fi ge*ncration is the arithme*tic 
mean of the* phenotypes of the two parc*nts, dominance is consielered to 
be nonexistent. Finally, when the mean of the Fj generatiem falls 
between the means of the two parents but not exactly midway (arith- 
metically), the parental phe*notype most closely resembled is con- 
sidered to be partially dominant. Hence, like Mendel (25) ^ Naudin 
(26) y and other earlier workei’s, the authors have considered dominance 
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to bo ti phoiionionon of tlit‘ ])h(‘nolypo. Also, since the means of those 
exhibiting* h('t(irosis fit neitlu^r the arithmetic nor the geometric 
moan cuJcuIatiHl from tin* im^ans of the two parents, it seems desirable 
at this tim(^ to use the ('arli(*r nndliod of determining dominanci*: 
namely, that of ascertaining which parental phenotype^ the Fi more* 
nerirly apfiroache's. 


.loHANNlSKEITEK X UkD CCRIIXNT 

The (lata for the* (*ross Johannisfeiun X hed C'un*ant (table* 1) show 
that significant <liife*re*nc(‘S betwern the m(*ans of Red Currant, the Bi 
to Keel (hirrant, anel the* Fi g(*ne‘ration do not (*xist for number (^f days 
from se*e‘(ling to first Idexmi for either 1037 or 1039. For all practical 
purpose*s the* phenotyiie* of the R(‘d (hirrant })ar(*nt is comjdete'ly 
dominant. Also, it can lie see*n that in 1030 a significant difiererice 
did not e'xist be*twe*e‘n the* in(*an of the Fj and the* mean of the Bi to 
Johannisfeue*!* for the* same* subcharacte*!*. The elifFe‘rence for 1037, 
although statistically significant, is small. The me‘ans of the Johan- 
nisfeuer pare'ut for 1037 anel 1030 are signilicantly larger than tin* 
me*ans for any othe*r variant. 

(\)nsiel(‘ring the data for iiuinbe*!* of days from first Idoom to first 
fruit set, it can la* se*(*n tliat for 1037 the* standard e*rre)r of the* m(*an of 
the Fi ge*ne‘ration is too large* to allow the drawing of conclusions 
re*gareling eilhe*r he'lerosis or dominance. For 1030 it is cle‘arly 
e*vi(l('nt that het(‘rosis eloe*s (*xist, as the Fi mean is significantly smaller 
than the* m(*an of e‘ith('r parent, anel furthe*rme>re in no case is tlie* 
mean of any of the* generations as large* as the* mean of the* parent to 
which tile* ge‘n(*iation is most c]()S(‘ly ivlated. Jloweven*, the* diflVrenc(*s 
not(‘(l in this latte*r e’omparison are* not always statistically significant. 

The data for the* third stage* lik(*wise show that the mean of the Fi 
is signilicantly smalle*r than tlie m(*an of e*itbe*r par(*nt for (*achy(*ar of 
this te*st. 1'his shows that het(*rosis (leH*s occur for this stage* of 
(le*Ae*lopme'nt. Also, e*ach of the* ge'ne*ration means, with tlie ex(‘eption 
of that of the* Bt to Ke*(l Currant in 1030, is smaller than the me^an for 
eith(*r ])are*nt. Again, the diHVre*nc(*s noted in this latter comparison 
are not always statistically significant. 

For the e‘arline*ss characte*r, measuivd by number of days from 
see*eling to first comph'te change of color, the me*ans of the* F, geuiera- 
tion are signilicantly smalle*r than the me*an for either paivnt for both 
1037 and 1039, and furthermore* each of the g(*n(*ration means for 1939 
is smalle*r than the* m(*an for either par<*nt, although the difre‘rences 
are not always statistically significant . 

1)\NMAUK X JoH'VNNISFEDEK 

The data for the cross Danmark X Johannisf(*uer (table* 1) show 
that the* m(*an of the Fi generation falls betwe'e'ii the m(*ans of the two 
pare»nts for number of days from seeding to first bloom but is close*r to 
the mean e)f the* Danmark par(*nt. Hence, e*aiiiiK*ss e^f bloom is 
partially dominant. The* me*ans of all the gen(*rations fall between 
the means of the two paiTUts. C^onsidering both 1938 and 1939, the 
differe*nces between ge*neration and parental means are statistically 
significant. 

Re*garding numbe'r of days from first bloom to first fruit set, the 
mean of the Fi gen citation for each year is significantly smaller than 
the m(*an of either parent. Again, for both years the means of all 
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gonoratiojis are smaller than the mean for (‘itlier parent. However, 
the diflVrene{*s an' not always statistically sif^nificant. 

For numb(T of days from first fruit set to first complete change of 
color, th(‘ mean of tJi(‘ Fi g(»neration lies between the means of the two 
parents but clos(*r to th(‘ mean of the panmt having a short period for 
this stage of develojmient, and each of the gcMieration means lies be- 
tween those of the two ])arents. By the criterion used, no het(M‘osis 
exists; but as was found for th(‘ first- stag(‘, short duration of the 
period involved is ])artially dominant. 

From an (examination of thee data for numbcT of days from se(edii\g 
to first compl(et(* change of coloi*, A\hich is the summation of the pre- 
vious stage's, it is found that in 1988 the im'ans of Johannisfeuer, the 
Bi to Johannisfi'uer, and the Fi are not significantly different, and that 
each of the generation nu'ans falls b('tw('en tlu' means of the two 
pai’ents. This would indicate complete dominance of shcul duration 
of the pe'iiod fiom sen'ding to first com])lete change of color of any 
fruit. For 1930 this same character show(‘d hetc'rosis, Hit' pcTiod from 
s('eding to first (‘oniplete change of color of any fruit Ix'ing significantly 
shorter for tlu' Fi than for ('ither paiTiit. The same was true for all 
othc'r gc'iH'iations as well, but the difieivncc's Ix'lwei'U tho gem'ration 
nu'ans and the pan'utal means wen' not always statistically significant. 

Danmark X Ked Currant and Johannisfeuer X Bonna Best 

Tlie data conccTuing lieD'rosis and dominaiu'c' for tlu' crossc's 
Danmark X B('d Currant and Johannisf('Ut*r X Bonny Best arc' giv(*n 
in tabic 2. In tlu' cas(' of the cross Danmark X, Red (^^Tant, all sub- 
characters and the character number of days from S(»(‘ding to first 
complete change of color of any fruit hrtve Fi nu'ans signific'antly 
smaller than the comparable means of ('ither parvnt, with the ('xc(‘p- 
tion of the second subcharactc'r, in which case the diflVn'iice dividc'd by 
the standard eri’or gives a P value somewhat larger than O.Oo. Accorcl- 
ingly, with the possible' ('xct'jrtion of numlx'i* of days from first fi'uit 
set to lirst complete* change erf e'olor of any fruit, all the stage's of el('V(»l- 
opment anel the e'ombination c'xhibit lieter osis. In the* chass Johannis- 
fi'uer X Bonny Best, heterosis is e'xhibite'el for the' first and second 
stages, llowe've'r, in tlie latte'r the diffe'rene*e betwee'ii the* Fi and the 
Johannisfeiier pare*iit is not statistically significant. For the* first sub- 
e'haracter, each of the ge*neration means is le*ss than the nu'an of e*ithe'r 
pare'Ut. For nuinbe'r of days from first fruit se't to first e'omplete 
e’hange of color of any fruit, the mean of the* Fi gt'TU'ration lies betwe'e'ii 
the means erf tlie two parents but is close'i* to the* mean of Johannis- 
fe'iier. Hence, the sherrter period of this stage* of devc'lopme'nt is 
partially dominant. The Fi mean for numbe'i* of days from seeding 
to first complete* change of color of any fruit is smaller than that of 
either parent. Howe*ver, the differe'nce betwe'cn the Fi mean and tlie 
mean of the Johannisfeuer parent is not statistically significant. 

Summary for All Crosses 

Heterosis occurred in the Danmark X Reil Currant and the Johan- 
nisfeuer X Bonny Best crosses, as is indicated by smaller number of 
days from seeding to first bloom. On the basis of number of days 
from first bloom to first fruit set, heterosis occurred in all crosses in all 
years, with the possible exceptions of Johannisfeuer X Red Currant in 
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J937 and Johannisfouer X Bonny Best, in 1939. In tli(‘ Johannisfener 
X Red Cun*ant cross, b(‘caus('. of thci lar^e standard error of the 
Fi g('iieration, no definite (•on(‘lusions c-ould b(* drawn. Heterosis 
for the tliircl d(*V(‘lopnu‘ntai stage was exhibited by the cross 
Johannisfener X Red (hirrant. For this sanu' stage, the mean of the 
Fi g(‘neration in the cross Danmark X Red (hirrant was smallta* than 
Xho mean of either pandit but tlie ditfereiu'e Indween the mean of this 
geiuTation and tlu^ imain of th(‘ Red (^irrant par(‘nt was not statis- 
tically significant. The character number of days from seeding to 
first complete' change* of cedor of any fruit ('xhibitenl he*terosis in tlie 
crosse's Joliannisfe*uer X R(*el Currant, Danmark X Johannisfe*uer (in 
1939 but not in 193S), anel Danmark X Re‘d Currant. For this 
charae'te'r, the mean of the* Fi in tlie cross fFohannisfeuer X Bonny 
Be*st was le*ss tlian the* mean of eithe*r pare*nt but the* elilfe'rcne'e* in- 
volve'd in the* compariso?i with Johannisfe'ue*!* was ne)t statistically 
signifie*ant. In conclusion, it can be said that both hete'rosis and 
ele)mijian(*e are depe*nde*nt upem tin* cross anel upon e‘nvironmi‘nt as 
rei)re‘sente‘el by ye*ars. 

EFFKUENCY OF TIIEOHETK’AL MEANSIN DETEHMlNINd WHETHER THE EFFECTS OF 
THE OENES ARE ARlTirM?]TlCALLY OR (lEOMETRTCAEl.Y CUMULATIVE 

Mae'Arthur anel Butle*r (^//}, ('harle*s and Smith (-2), and Fow^e*rs 
(.2/M have* use‘el tlie fit t)e‘tw'e‘e*n eibtaine'el and th(*oretical me'ans as a 
me*tlioel e)f d(‘t(*nnining wlu*th(‘r tlie* data (‘oulel be* e*xplaine‘d more 
le>gie‘al]y ein the*, assumption that the* e‘fi*ects of the* ge*ne'S are arith- 
me'licallv cumulative* e)r eui the* assumption that the'y are* ge*ometrically 
cumulative*. Mue*h e)f the* the*e)ry tiasic to the* valielity of this method 
is give'll l)y Charle's anel Smith (2) in elf*ve*le)ping the femnulas for 
eibtaining the* the*oretie*al means. This the*ory ne*e*d not be rc'peated 
he'i'e*. The* ne*ce*ssity of conside*ring dominance e)f (lie* e'harae‘te*rs with 
which the*y workeel was pointe'el out by Linelstrom (2/) anel J^ow^^rs 
(JO), Table 4 sheiws the* feirinulas tor e'Stimating the* the'oretical 
means that take* eleiminance* anel hetereisis inte) (*onsieleration. 

The* tbrmulas for the* means e)f the F 2 gcncratie)!! w ere ele'veleipenl by 
Wright, as cite*el by Fowe*rs (20). In applving the*se* formulas, in 
other w'orels, in using this methoel, one shoulel ascci'tain the* e*fficie*ncy 
e)f the nu'thoel. If it is e'fficie'iit, the* difre*re*nce' betw^e'n the* two 
e'omparable* tlu'ore'tical rne*ans of geun'ratiem eir back(‘ross must be 
statistically significant or, e*xf)re*sseel in another way, the* cemtrasted 
formulas must be* discriminatory. If they are not eliscriminatory, tlie 
eliffie ulty may be inherent in the data or it may l)e inherent in the*. 
ine*thoel as applienl to such data. 

Table 4.-- Formulas for estimating arithmetic and geometric means 


eioneratmn or backcross , j Ooonietric mean 

Antilosarilhm of 

4 

Antilonarithm of 
AnllloRBrlthm of I"* h 
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Tlio data inuy bo ti'stod by two critoria: (1) If the diffcrerioes 
botweoTi parcTits ai’o of suflicieiit magnitude to be of economic im- 
portances methods should b(‘ developed by which problems involving 
those difforcuicos can bo st udied; (2) if the difforiuices aj*e of sufficient 
magnitude to bo c'stablishod as statistically significant, methods 
should bo dc'volopod by whicli problems involving these diiTortmccs 
can bo studied bocaust' such difforoncos are important to thoon'tical 
geiK'tics if not at the moment of importance' to applied geiu'tics. 
S'rom tables 1 and 2 it can be seen that, with tlu' possible exc('ption 
of the stage from iirst bloom to first fruit s(d, economi(*ally important 
(lifTerences exist for all stage's of development and for tlu' eariiness 
character measiu'ed by numlx'r of days from seeding to first complete 
change of color of any fruit. Hence any difficult i(‘S noU'd would not 
be inherent in tin' data. 


Takle 5. Obtained and theo/eiical meanfi for different Mages of developnnmt of the 
cross Johnnnisfeuer X hU^d Currant ^ expressed i7i number of daps 


- - - — - 




— 


_ _ . 



I'oiiod fioTii .soodinB l<» fir'll hJooin 

I’oiKai from first >>loom to 
IruM spi 

first 

'S c'ai and jiaronf (»r 

Kt'iu'i at ion 


ThooHMical 


TliooMdiral 


Obtamoii 



Oi)(ain(‘d 





Anllimt'fic 

inotiu* 


Aril Inm'tic , 

(lOO- 

nu'tno 

Ill to Hod Currant 

2 wonoratioii 

Bi to .lohaninsftnioj 

Days 

1(M> (KM 

108 ]± 058 
108 4^- 077 

Days 

107 2±0 275 

108 4± 280 
100 Odr .'M)2 

Days 

107 2 

108 *1 
100 t) 

Days 

3 lj.() 010 

3 2.1- 017 

3 3:1 024 

Jiays 

3 2d0 105 j 
3 4d . 105 1 
3 Od 108 ' 

Dnv'i 
.3 2 
3 4 
3 t* 








Bi to Ut*(l C’lirrant 

F> jjonoratioii 

B] to .lohanni.sft'iior . , 

71 Od- 703 
70 7zh .020 
7(i Orb 58«) 

71 7dr . 457 
75 3d 381 
70 0-L 170 

78 ♦> 

4 Wd. 153 
t 3-i- 142 

4 01. . 125 

4 5l 00.5 1 
4 3l 078 ; 
4.2l 007 ; 

4 4 
4 3 

4 2 

1 

J’oriod from first iruU sot to first 
(•oiniih'to chaiiKt’ of coloi 

i'lTiod troin soodmtr t(» first 
ploTt* diunt.M‘ of ('olr>r 

coin- 



Tiioorciical 


'riioondJoal 


OiOamiMl 

_ 


Oblamod 

— 

— 



Xritliniotir 

inpl'flc 


Anthniolir 

(U‘0- 

nndne 

1937 j 

Bi to Bod Cm rant 

F 2 ffonoration 

Bi tt> .Tohunnisfouor 

Jhiys 

41 Sd-O ‘108 

42 0-i: 148 

41. 4J:. 150 

Days 

40 OdbO 700 
4l.0:i: .751 
41.0dr 752 

■ 

Days 
40 0 

40 0 

41 0 

Days 

151 810.310 
353.31 155 

ir»3 21 187 

Days 1 

351 310 500 1 
152 51 .574 ! 
154 21 ..505 

1 

Days 
151.3 
1.52 7 
154 1 

1939 





i 


Bi to Rod Currant 

Fs Boncration 1 

Eli to Johannisfouor j 
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To dotermiiKi the efficiency of the method as applied to these 
data, the obtained and theoretical means for different stages of 
development in the cross JohannisfeucrXRed Currant are tabulated 
in table 5. In no case is ttiere a statistically significant difference 
between the obtained mean and the corresponding thcon^tical mean. 
The comparable data in the latt(!r half of table 1 and in table 2 for 
the other crosses were calculated; but, since* the conclusions drawn 
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were the saiiK^ as those drawn for the data pnwntcd in table 5, it is 
not iK'eessary to present tli(^ data in d(*tail. It is apparent tiiat, as 
regards this study, this nn^thod is not sufliciently sensitive to be of 
any particular value as a nutans of studying the nature of the inter- 
actions of the genes. The agrtuunent betwe(‘n th(' obtained means 
and tli(‘ theoretical means was good with th(‘ possible exception of the 
Bi to Johannisfeu(‘r in for number of days from seeding to first 

bloom (tabl(» 5). Also, tlu^ agreement between th(‘ obtained and the 
th(H)retical means was good for th(‘ otJier crossc^s. B(K*ause of the 
inetliciency of the method employc'd, conclusions drawn from such 
facts would be of litth^, if any, vahn\ 

DISCUSSION AND CONCLUSIONS 

From the experimental data it was found that the earliness-of- 
maturit^" character, as measured by number of days from seeding 
to first complete change of color of any fruit, is (‘omposed of at least 
three stages of develo])ment: Number of days from seeding to first 
bloom, number of days from first bloom to first fruit set, and number 
of days from first fruit set to first complete (‘hange of color of any 
fruit. This fact has considerable im])ortance ui breeding early 
varieties of tomatoes. Tlie cross Danmark X dohannisfeuer may be 
used to illustrate this point. It will be remembered that Danmark 
has a short j)eriod of (l(‘\elopinent from ])lauting of the seed to first 
bloom l)ut a long jxuiod of deveh>pment from first fruit set to first 
complete change of color of any fruit, whereas dohannisfeuer has a 
long period of development from planting of the seed to first bloom 
but a short period of dev(‘loj>ment from first fruit set to first complete 
change of color of any fruit. Now', since the Fi generations of the 
crosses Danmark X Red (hirrant and dohannisfeiier X Red Currant 
have short jieriods for both of these stages of development, it W'Ould 
s(‘eni that a variety could be produced recombining the genes for 
short duration of the stage of development from seeding to first bloom, 
characteristic of Danmark, with the genes for short duration of the 
stage of development from first fruit set to first (‘omplete change of 
color of any fruit, characteristic of dohannisfeiier. Adverse linkage 
relationships would complicate the problem. Also, the nature of 
the interactions of the recombined genes would determine wdiether a 
strain could be di'veloped that possessed a short period for both of 
these stages of development. At the present time neither the linkage 
relationships nor the nature of the interactions of the genes are known. 

The importance of lieterosis to a breeding program was recognized 
by early w^orkers: Kolreuter {19), Knight (18), Sageret (31), Gartner 
(9), Fockc’t (S), Shull (33, 34, So, 36), East fd, 6, 6), East and Ha^^es 
(7), dones (17), and many others. The x^ossibility of utilizing heterosis 
in commercial produetioii of tomatoes has beem pointed out by Welling- 
ton (40), Hayes and Jones (14)y and others. eJones (17), reporting 
on earliness in tomatoes, a large part of the data having been collected 
by H. K. Hayes, states that in one cross the Fi generation w^as fully 
as early as the early parent. Luckwrill (22) found that the time of 
flowering in tomato" hybrids was intermediate between that of their 
parents, except in intraspecific crosses that differed in a major growth 
factor (d or hr), wrhen dominance of early flowering was shown. 
In regard to utilizing heterosis in tomato production, the possibility 
of making profitable the use of Fi seed to produce the commercial 
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crop of tomatoes should be roiisidored. The authors realize that this 
problem cannot be completely solved at this time. However, the 
data on earliness of maturity as reportecJ in this paper have some 
bearing upon the solution. 

The data having a bearing upon heterosis as ('xpr(‘ssed by sliortening 
of the period from seediiig to first complete change of c.tdor of any 
fruit are listcni in table 6. Upon examination of these data, it is 
found that only 2 of the 12 differences are not statistically significant. 
Th(» Fi g(UU‘rations ar(‘ not significantly (»arlier than Johannisfcuer 
in (‘itlicT the cross Danmark X Johannisfcuer in 1938 or the cross 
Johannisfeiier X Bonny Best. Special attention should Ix' given to 
th(‘ crosses Johannisfeiier X Bed Currant and Danmark X Red Currant. 
For th(‘ cross Johannisfcuer X Red Currant, the p(?rio(l from S(»(xling 
to first comphde change of color in 1937 was 2.S days shorter for tln^ 
Fi than for the Rtxl Currant partml and S.ti days shoi’tia* for th(‘ F, 
than for th(‘ Johannisfcuer parent ; in 1939 this sam(' period was 7.1 days 
shorter for th(‘ Fi than for th(‘ Red Currant panuit and 17.2 days 
short ('r tlian for tlu' Johannisfeiier parent. For the cross Danmark X 
Red Currant, the ])eriod from seeding to first complete change* of 
color of any fruit was It) days shorter for the Fi than for Danmark ami 
3.1 days shorter than for Red C\irrant. It may be concluded that 
liet(TOsis is (jiiitei pronounced in the cross JohannisfeU(*r X Red 
(hirrant and tlie cross Danmark X Red (Virrant. 

Tablk t>. — The (hffcrevccs obtained 5?/ snhfraciing the /mrentnl means front thetr 
respective F\-generntion means for number of dags from seeding to Jitst complete 
change of color of ang fruit 
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* P <0.01 for all djfTercnc*(‘.s not ii)ark(‘d with an asterisk but ;>0 0.') for all values niarkofl with an 
a.sterisk. 


In evaluating the shortened period from s(‘«iing to first complete 
change of color of any fruit exhibited by the Fi generation, it is well to 
consider some of the medium- to large-fruited varieties available for 
commercial production. Babb and Kraus {!) have found Johannis- 
feuer to be the earliest in maturity of the medium- to large-fruited 
varieties and Danmark to be the earliest variety that produces fruits 
of sufficient size, smoothness, and quality to b(' classified as a fairly 
acceptable commercial variety. Bonny Best is classified as a second 
early by Boswell ^ and is one of the most widely ginwii varieties. 
In 1939 the Fi of Johannisfcuer X Rod Currant required an average of 
17.2 fewer days from seeding to ffist complete cliange of color of any 


* Personal correspondence. 
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fruit than did Joluinnisfouor, and 27.9 few(T days than did BoImy^ 
Best. In 1938 th(' Fi ^oiH'ralioJi of Danmark X R<^d Currant required 
ail avera^ 2 :(i of Ki.O f(‘\ver days from seeding to first complete change of 
color of any fruit than did Danmark. These figures amply deinon-^ 
strat(* the advantage, in (uirlim^ss that these Fi gemu-ations have over ' 
the earliest juaturing c.ommercial varieties. If tiiis advantage of the 
Fi g(un*rations can b(‘. transferrc'd to the Fi g(uierations of comnuTcial 
varieties, su(*h a i\o\v pioduction will be of (h'cidcal benefit to those 
s(H*ti()ns liaving a short growing season; for example, the high irrigated 
valleys of the Rocky Mountains and the northern parts of th(‘ United 
Stat(*s. It se(*ms possible that the use* of Fi seed may have a place 
in coinnn‘rcial tomato ])roduction, th(' Fi being grown until tlu^ plant 
bnaHl(*r, if possible, n'combiiKs th(‘. d(‘sirabh‘ characteristics of both 
varieties into a siiighr variety as (airly as the Fi. 

Th('- gr(‘at importance' to the plant brceehu* of information concerning 
th(' nature* of tin* interaedions of tin* geiU'S affecting earliness of ma- 
turity may be' dceluced from the fon'going discussion. Then'fore, 
nu'thods of studying the nature of the interactions of genes differentiat- 
ing (juantitative* characte'rs nie'rit caredul consideration. 

Three methods that have* be'e*n useel to study the nature of the 
inte'ractions of the* g(‘n(*s diflVrentiat ing cjuantitative charactea*s will be 
discusse'd. In some* studie's the genotype's eaui be identifie'd directly 
{IS, 27 j 4t)j and thus se*gr('gat('s of different ge*notypes can be accu- 
ral (‘ly classitied. \Vh(*re‘ such a proce'dure can be followed, this is 
))r<>bal)ly, in ge'ni'nd, the* most e*Hici(*nt method of studjung the nature 
of the interae'tioils of the*. g(*ne's. 1 Iowe've*r, in the majority ol cases, 
the ditfe're'nt ge'notyjx's de'pe'iide'nt upon sc'gre'gation of the genes 
diilere'ntiating the* (|uant it alive character cannot be determined. 
Theai the* nature* of the' inte'ractions of the gene's may be sludie'd by 
UK'ans of markers (2, 29, 20, 37) and possibly by comparing the 

av(*rage*s of ditre're'nt ge'ne'rations with a pre'dicted average calculated 
from pare*ntal and Fi ny*ans. The calculation of these means is basenl 
on ce'rtain th(*oretical considerations {2, 12, 24} 29). 

All three of tlu'se methods have' ce'rtain advantage's anel if applicable 
should furnish information concerning the nature of the inte'ractions 
of the* ge'iu's as measure'd hx e'liel products. An advantage of the 
first method is that ge'iu's having major eiffe*cts are being studied 
dire'ctly through the effects they produce*-. Ilowe've'r, it should be 
k(‘pt in mind that otlu'r ge'iie's on the same chromosome that differ- 
entiate the same e'haracter would have* an e'ffect also. An advantage 
of the* second me*thod is the ease with which the e*lassilication of the 
se'gregating geiu'rations can be made. By a prope'r design of the 
e^xpe'rime'iit the elfe'cts of sections of the* chromosome can be measured 
and the natui'e* of the inte'ractions of the ge'iii's studieei {SO). The third 
method e'ntire'ly ilispe'uses with the edassification within generations. 
As a conseejuenee*, both the work of taking the data and the? work of 
reducing it are greatly diminished, making it possible to broaden the 
sc'ope* of the studies by including more crosses. Certain other facts 
should be kei)t in mind regarding this method. Lindstrom (21)^ 
Powers (29), and Lyon (28) have shown that dominance must be 
taken into account also. This may be summed up by saying that the 
measurements of the Fi must be used in calculating the theoretical 
means. Moreover, it should be kept in mind that the generations are 
treated as the units and hence it is not the nature of the interactions of 
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particular geiu' pairs that is measured but probably the nature of the 
interactions of a lar^e number of gene pairs whose individual effects 
have not been determined. In other words, tliis type of study deals 
with the gen('s in mass. ]t is apparent that the information obtained 
by the use of one of these methods would supplement that obtained by 
the use of another. Heiux', providing they are (efficient, all would have 
their place in studying the nature of the interactions of tlu' genes as 
measured by end products. It will be remembered that the method 
of comparing obtairuHl parental and generation means with theoretical 
means was not sufficicuitly discriminative to be of any value in deter- 
mining the nature' of the interactions of the genes dilTerentiating the 
stages of deve'lopnumt under consideration in this study. 

SUMMARY 

The subdivision of the period from seeding to first comph'te' (*hange 
of color of any fruit into the following stages of development was found 
to be biologically sound for ce'rtain crosses involving varic'ties of 
Lycopersicon esculentum and L. pUnpinellifoHum: (J) Nuinbeu* of 
days from se'cding to first bloom; (2) number of days from first bloom 
to first fruit S('t; (3) number of days from first fruit set to first com- 
plete change of color of any fruit. 

In each stagi' of developmc'iit heterosis was (‘xhibited in tlu' ease' of 
Som(* one or other of the crosses. 

: Heterosis was found to be dependent upon both tlu* genotyjie (cross) 
and the (‘nvironrnent. 

The method involving comparison of (he obtained nu'an of a gi\en 
generation with predicted arithmetic and geometric mc'ans calculated 
from obtained parental and Fj means was of litth‘ valm*, as n'gards 
those data, in determining whether tlu' natun^ of tin* intc'ractions of 
the geiK's was such that the effects were arithnu'tically cumulative* or 
whether it was such that the effects were geoim*trically cumulative*. 

The possible irnportaiu'e of the findings in a plant-l)ree*ding program 
is discusseul. 


LITERATURE CITED 

(1) Rabb, M. F., and Kracs, James E. 

1939. REsui/rs of tomato VARiETy""TEsTs IN THE (utKA'i' pl.AiNs REeaox. 
U. S. Dept. Agr. Cir. 533, 12 j)p., ilius. 

(2) Charles, Donald R., and Smith, Harold H. 

1939. DLSTINGUISHINO BETWEEN TWO TYPES OF (JKNE ACTION IN QT'ANTI- 

tative inhehitan<’e. Geaielics 24: [34]- 48. 

(3) (-IIHRENCE, T. M. 

1938. the relation of the first chromosome pair to d^tk of 
fruit ripening in the tomato (LYCOPERSICCM ESf'CLENTUM). 
Gonctica 23: [1]- 11. 

(4) East, Edw ard M. 

1908. inbreeding in corn. Conn. (Stale) Agr. Expl. Sta. lUen. R])!., 

pt. 7 (1907), 419-428. 

(5) 

1909. the distinction between development and heredity in in- 

breeding. Ainer. Nat. 43: 173-181. 

( 6 ) 

1910. A men DELIAN INTERPRETATION OF VARIATION THAT IH APPARENTLY 

CONTINUOUS. Ainer. Nat. 44: 65- 82. 

(7) East, K. M., and Hayes, H. K. 

1912. heterozygosis in evolution and in plant breeding, r. S. 
Dept. Agr., Bur. Plant Indus. Bui. 243, 58 pp., ilius. 



Au«. 1 . 1941 Inheritance Stmlies of Three Staget< of the Tomato 147 


(H) Fo(’KE, Wilhelm Oehers. 

1881. die PFLANZEN-MIM’HLINGE, EIN BIETRAO ZI’R BlOLOfJlE DER 
GEWACHsE. 509 ]>|). Berlin. 

(9) (IartxNeu, Karl Friedrk ii von. 

1849. VERSlIf HE UND BEOB ACHTl’NOEN l^BER DIE BAsTARDERZEUGUNG IM 
PFL vNZENREK’ii. 790 pp. Si iitt f!:art . 

(10) (loLDS('HMIDT, Kl( HARD. 

1917. A FURIHER (ONTRIBrTION TO 'HIE THEORY OF SEX. JoUr Kxpt. 
Zool. 22: 593 017, illiis. 

(11) 

1938. pinsioLooicAL genetics. 375 pp., illus. ^o\v York and London. 

(12) CJroth, H. n A 

1915. SOME REsCLTS IN SIZE INHEUITANCF. \ J. Af^F. Kx])t. Sla. Bill. 
278, 92 f)p., illns 

(13) 1! \^Es, H K., and 11 \ul\n, Harry V. 

1920 THE INHERIT \N(’E OF THE LENGTH OF INTERNODE IN THE IIACHIS OF 
'\ HE HARLEY SPIRE. 1*. S. Dcpi. Agr. Bill 809, 20 ])p., illns. 

^ j4j — .J()\Es, 1 ) F. 

1917. THE EFFECTS OF CRO.SS- AND SELF-FERTILIZ XTIO.N IN TOMATOES. 

Conn Sialc Agr. K\ii1 Sla. Ann. Bjit. 1910: [305] 318, illns. 

(15) HoiGin\LiNG, Helen B. 

1935. A DEN ELOPMEN'I’AL NWLNSlS OF SIZE NND SHAPE IN TOMATO FHXTITS. 
TorrcN Bol ('Inb Bnl. 02: 243 252, illns 
( HP Jones, Don \ld K 

1917. DOMINWCE OF LINKED F\(’TORs AS A MEVNS OF VCCOI NT.ING FOR 
HEiERosis (J(‘n(‘tics 2. [100] 479, illus. 

( 17 ) 

1918 'JHE EFFE( TS OF INBREEDING AND CROSSBREEDING CPf)N DEVELOP- 
MENT. Conn. Agr Lxpt. Sta, Bnl 207, 100 j))) , illns. 

'I8i IwK.irr, Yhomas Andrknn. 

1799. AN \('COrNT OF SOME EXPERIMENTS ON THE FECUNDATION OP 
VEGET \BLEs. Ko> Soo. London Phil 'Frans 89: 195-204. 

'19) KoLREin'ER, Joseph (Iottlieb. 

I7f>0. DKITTE FflRlsETZCNC. DER AORLAIFKIEN NA< HRK’HT VON F.INIGEN 
D\s GEsCHl^ECHT DER PFLANZEN BETREFFENDEN VERsEl’HEN 
liND BEOB \<’HTtLN(.EN. (.LEDlTvSC'HEN HANDLFNG. Ik Ostwald’s 

Klassikcr dor Kxaktcn Wisseii'^ohafltMi .\o. 41, p]), 1 103]- 200. 
IvCipzig, 1893 

(20) L\m HENCE, W. J. (’, and Siott -AIon('kieff, Bose. 

1935 THE GENETICS AND CHEMIsFRX OF FLOMKR <’OI<OVR IN DAHLIA: A 
NEW THEOJCl OF SPECIFIC PIGMENTATION. JoiH’. CfCHct. 30: 

[155] 220. 

(21) Lindstrom, I! W. 

1935 segregation of grwTirATiVE genes in tetraploid tomato 

HYBRIDS -\S EVlDENl’E FOR DOMINANC E HELM IONS OF SIZE 
cmRAC’i’ERs. Cfiictics 20: [1] 11, illns. 

'22) Lick WILL, Leo.wud C. 

1939. observations on heterosis in lycopkksicvm. Jonr. Genet. 
37: [4211 440. 

<23) l.TON, Channing B. 

1911. INHERITANC'E OF STAGES OF KAHLINEsS IN AN INTERsPEC’IFIC (’ROSS 
BETWEEN LYC’OPERSK'ON EsC VLENTl’M AND L. PIMPINELLIFOLIUM. 

Jour. Agr. Bes. 03: 175-182. 

(24) Mac Arthur, John W., and Butler, Leonard. 

1938. SIZE INHERITANCE AND CIEOMETRIC GROWTH PROC ESSES IN THE 
TOMATO FRUIT. Geiictics 23: (253] 208, Bins. 

1 25) Mendel, G. 

1805. experiments in plant-h\bridisation. Transl. in Castle, W. E*, 
Genetics and Eugenics, pp. 281 -321, illus. Cambridge, Mass'’. 
1910. 

(20) Xaudin, Ch. 

1805. nouvelles rec’herches sur i2hybriditi5: dans les vj£Gf:TAUX. 
Paris Mus. d’Hist. Nat. Xouvelie Arch. 1: [25]' 170. 

(27; Powers, LeKoy. 

3934. THE nature AND INTERACTION OF GENES DIFFERENTIATING HABIT 
OF GROWTH IN A CROSS BETWEEN VARIETIES OF TRITICXJM VUL- 

GARE. Jour. Agr. Res. 49: 573- 005, illus. 



148 Journal of Agricultural Jtesearch voi, No. 3 


(28) Powers, LERoy. 

1930. THE NATURE OF THE INTERACTION OF (JENES AFFECTING FOUR 

QTTANTITATIVE CHARACTERS IN A (HiOSS BETWEEN HORDEtJM 
DEFICIENS AND HORDEUM VIHAJARE. (Icnctics 21 : [398]-420. 

(29) - - 

1939. S'JUDIES ON THE NATURE OF THE INTERACTIONS OF THE GENES 
DIKFKRENTIATING QUANTITATIVE ('HARACTERS IN A CROSS BE- 
IWEEN L\(’OPERSICON EsCUUENTUM AND L. I*IM PINKLLIFOLIUM. 

Jour. Onet. 39: [139] 170. 

(30) — 

1939. FORMULAS FOR DETERMINING THEORETICAL EFFECTS OF CERTAIN 
GENETK’ FACTORS UPON INHERITANCE OF QUANTITATIVE CHVR- 
\(TKRS, AVITH SPECUAL REFERENC E TO A STUDA OF A LYC’OPERSIC’ON 

inHRiD. Jour. Agr. Uc*s. 59: 555-577, illiis. 

(31) Sagehet, [A.] 

1826. C'ONSIL)KRATlC>NS SUR LA PRODUCTION DES HYDRIDES, DES VAUI \NTES 
ET DES VARIKTES EN GfiNl'.R\L, ET SUR CELLES DE L\ FAMILLE 
DES CUC’URIUTAC’EES EN PARTICULIER. Auil. clos Sci. Nilt. 8.* 

294-314. 

(32) Sansome, F. W., u?i(1 Philip, J. 

1939. RECENT ADVANCES IN PLANT GENETICS, Kcl. 2, 412 pj). Phila- 
delphia. 

(33) Shull, George H[arrtson1. 

1908. THE COMPOSITION OF A FIELD OF M \IZE. .\niOr. Hr(‘(‘dLTs’ Assoc. 

Rpt. 4: 296-301. 

(34) 

1909. A PURE-LINE METHOD OF CORN BREKDINCL AlUC'r. PrC‘C‘ricu\s’ AsSO<‘. 

Rpt. 5: 51 -59, illus. 

( 35 ) 

1910 HYBRIDIZATION METHODS IN CORN BREEDING. AllKT. RrC‘C(l<‘rs’ 

Mag. 1: 98-107, ilhis. 

(36) 

1911. THE GENOTVPE.s OF MAIZE. Aiiicr. Nat. 15: 234 252, ilhis. 

(37) Smith, Harold II. 

1937. THE RELATION BETWEEN GENES AFFEcmNCJ SIZE AND COLOR IN 
c:ertain species op nicotiana. Geuctics 22: [361] 375, ilhis. 

(38) Tippett, L. H. C. 

1927. TRACTS FOR COMPUTERS, RANDOM S\MPLINC; Nt^MBEKS. Loildoil 
Ihiiv. Tracts for CoiHj)utc*rs, No. 15, S pi)., 2t) table's. 

(39) 

1931. THE METHODS OF STATISTIC’S; \N INTRODUCTION MAINLY FOR 

WORKERS IN THE BioLOcucAL SCIENCES. 222 pp. illus. London. 

(40) Wellington, Richard. 

1912. INFLUENCE OF CROSSING IN 1NCKE\SING YIELD OF THE TOMATO, 

N V State Ai;r. Kxpt. 8ta. 13iil. 346, ])j). 57 -76 

(41) Wexelsen, 11. 

1934. QUANTITATIVE INHERITANCE ^D LINKAGE IN B \RLEY. Hl'I’C'clitaS 

18: 307-348, illus. 

(42) Wktght, Sew ALL. 

1916. AN INTENSIVE STUDY OF THE INHERITANCE OF COLOR AND OF OTHER 
COAT CH\R\CTERS IN GUINEA-PIGS, WITH ESPECIAL REFERENCE 

TO GRADED VARIATIONS, Ju Casth', W, K., and Wright, Scwvall, 
Studies of InhcTitanco in (iiiinca-pigs and Rats, Carnc'gio Inst. 
Wash. Pub., ])t. 2, pp. 59 -160, illus, 

(43) 

1925. THE FACTORS OF THE ALBINO SERIES OF GUINEA-PIGS AND THEIR 
EFFECTS ON BLACK AND YELLOW^ PIGMENTATION. Geuctics 10: 

[223] -260, illus. 

(44) Yates, F. 

1933. THE ANALYSIS OF REPLICATED EXPERIMENTS W’HEN THE FIELD 
RESULTS ARE INCOMPLETE. Eiupiro JoUT. Expt. Agf. 1: [129] 142. 



INHERITANCE OF QUANTITATIVE CHARACTERS IN 
CROSSES INVOLVING TWO SPECIES OF 
LYCOPERSICON ‘ 

I^y LeKoy PovvEUts 

Senior genelicifii, JJivision oj Fruit and Vegciahle Crops and DiseaseSj Bureau of 
Plant Industrpf United States Department of Agriculture 

INTRODUCTION 

Sliulios on tin* inherit a, n<*o of qnanlitativi* clniract(‘rs in crosses 
within tin* ^n*nus Lycojn rsivon^ like all quantitative inheritance 
stiuli(*s, are eonci'rned with innlti])l(* factors, heterosis, dominance, 
and tin* natun* of the interactions of the ^enes differentiating the 
(jimnlitativi* characti'is. The purjiosc of tin* r(*s(*areh reported 
herein was to olitain more information concerning the latter three 
phases of the problem and to apply this information in shaping a 
toinato-brec'ding ])rogram. Tin* work was done at the Ilorticnltiiral 
Fi(*ld Station, Ulnwcame, Wyo. 

Ih'fore ])roe(‘eding further, the writer wishes to iioint out that, even 
though from tin* standpoint of [ihysiological genetics heterosis and 
dominance* are i)robably fundamentally the same, it is convenient in 
tln‘se studies to use* be>th terms. It is important, how^e'ver, that the 
use e)f these te*rms be* ch'arly understood. Those* cases are considered 
as e'xhibiting hcte‘rosis in which the phe‘ne)tvpie* e*xpression of a char- 
acte‘r in the ge*ne‘ratie)n is eithe*r greater than eir le*ss than the inagni* 
tude of such e*\pj'e*ssie)n in e‘ithe‘r parent. Comidete* dominance is 
appli(‘d to those (‘ase*s in wdiich the phenotypic expre*ssion in the Fi 
gene*ration is that eif one* or the othe*r j)arent, proviele‘d th(*re is a 
signilieant differe'nce* betw<*e*n the* twm ])arents tis regards the e*haracter 
under consieh*ration. The* term ‘^partial dominance'^ is use*d wdien 
the phe*notypic e*xpre*ssie>n in the Fi ge‘neration lie's betw^e(*n that of 
the* parents, but is anything othe*r than exactly inte*rmediate (arith- 
ine*tically). Finally, neither he*terosis nor dominance* is considered 
as e'xisting whe*n the e\])re*ssie)n in the Fi gean'ratiein is exactly 
inte'rnu'diate* (arithme'tically) [)etWH*e‘n the magnitudes feir the twm 
))are*nts. 

PREVIOUS RESEARCH 

Without att(*mpting to review' all of the previous imvstigations 
dealing with he'lerosis anel dominance and with the nature of the 
inteu’a(*tions of tlie* gene's as measured by end products, it is dexsired 
to re'call the funelame'ntaJ principles establishe'd by earlier work, as 
well as some* eif the* ilu*orie*s dealing wdth the gemetic explanation of 
these* phenoine'iia. 


HKTEUeiSlS AND DOMINANCE 

Hybrid vigor has received the attention of plant students for more 
than a century and a half. Kolreuter (29) “ reported cases of hybrid 
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i vigor Rs early as 1766. That hybrid vigor is of general occurrence 
in those Fj generations that come from parents of genetic diversity 
was established early by Knight (28), Sageret (4I), GSrtner (13), 
Darwin (4), and Focke (12). Inbreetiing followed by hybridization, 
as a method of utilizing heterosis in corn improvement, was advocated 
by Shull (42, 4S, 44)y East (6, 7, 8), and East and Hayes (11). Their 
work was the basis for the development of the modem methods 
employed in breeding those crops in which the utilization of heterosis 
is a primary consideration. 

The first genetic explanation of hybrid vigor was given by Keoble 
and Pellew ) in 1 9 1 1 . They crossed two varieties of peas of medium 
size and obtained Fi plants larger than either parent. One of the 
parents used in the cross had few but long intemodes, whereas the 
other parent had numerous, short, thick intemodes. The Fi hybrid 
had both numerous and long intemodes and therefore was consider- 
ably taller than cither parent. Keeble and Pellew (25) found that each 
of these characters was differentiated by one factor pair and that the 
larger size of the Fj generation was due to the fact that the effects of 
these two gene pahs were cumulative. 

That there is an association between number of dominant factors 
and hybrid vigor was postulated by Bruce (2). Jones (23) followed up 
this supposition and developed what is probably the most generally 
accepted explanation of heterosis. Tliis hypothesis is, briefly, as fol- 
lows: (1) A large number of genes are responsible for the differentia- 
tion of most of the quantitative characters; and (2) those genes favor- 
able to the production of a quantitative character are at least partially 
dominant. These two assumptions are sufficient to account for hybriJl 
vigor, but may not explain why com breeders have not been able to 
obtain selfed lines of com as vigorous' as the Fj generation between 
two inbred lines that combine well. Jones (23) pointed out that, 
since maize has only 10 pairs of chromosomes, if a large number of 
gene pairs are involved ^me of these genes would have to be linked 
provided the chromosome theory of heredity is correct. Consequently, 
the probability would be extremely small of recombining into a single 
inbred line all of th e genes favorable to growth of two inbred lines. Most 
plant breeders seeking to take advantage of heterosis have accepted 
this theory and have used it as a basis for their breeding programs. 
As is well known, com breeders have*been particularly successful in 
using breeding methods based on Jones’ (23) explanation of heierosis 
(18, 27). 

In 1936 East (10) advanced a somewhat different theory in explana- 
tion of heterosis. He divided genos into two classes, defective and noin- 
defective, and stated that heterosis is not concerned vrith the defective 
genes. With this conception in mind, East (10) made the following 
statement: “The cumulative action of the nondefeotive allelomorpbs 
of a given gene approaches the strictly additive as they diverge from 
each other in function.” With this dassifioation of genes in mind» 
East (10) developed the following theory .\ If numerotis nondefective 
alldomornhs are cximmon in any given speedes, heterosis can be ac- 
counted for as Mlows: The effect of At Ai is not 2 Ax, but "2 Ax— a, 
whesre the value of a approaches the value of Ax- But if 4.] . . . A4 
are a seribs of nondefective allelomorphs of A, wth their functions 
d^^ting from those of Ax on an ascmiding seme, then the resultant 
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effects may be visualized as Ai Aq equaling At+As—P, Ai A3 equaling 
Ai+As—y, and Ai ^4 equaling 5, where a>| 3 > 7 ’> 5 . 

At this time it is desirable to compare the two theories. Both assiune 
that a large number of factors are involved in differentiating the quan- 
titative characters. Jones’ (23) theory assumes at least partial domi- 
nance of these numerous favorable growth genes, whereas East’s (10) 
theory assumes divergence in function between members of any one 
allelomorphic series. To explain why com breeders have not been 
able to select inbred lines as vigorous as the more productive Fi gen- 
eration hybrids, Jonre (23) points out that if the genes bringing about 
heterosis are very numerous in a species, sm^h as Zea mays, with only 
10 pairs of chromosomes, some of the genes favorable to growth would 
of necessity be linked with genes not so favorable to growth. Conse- 
quently, it would be extremely difficult to obtain inbred lines as vig- 
orous as the F, generation. According to East’s (10) theory, if only 
divergence in function between mt'mbers of pairs of allels were operat- 
ing to bring about the expj-ession of hybrid vigor, the production of 
inbred lines as vigorous as the F, generation, originating from geneti- 
cally diverse parents, would be impossible. 

T'Ik' evidence is not very extensive in support of the contention 
that divergt'nce in function occurs betwreen members of allels. Sinnott 
and Dunn (47) cite a case reported by Dunn, in which each of two 
recessive genes (t” and in the mouse is lethal when homozygous 
or fH'), but the heterozygote (ft') is viable and normal in charac- 
ter. They point out that the action of these two probably allelic 
genes is complemtuilaiy and hence the results can be interpreted on 
the basis of divergence in function of the members of the allelic pair 
of genes. Luckwill (32) believes that the results he obtained from 
studies dealing with heterosis can be most logically explained by 
East’s (10) theory. It is clear that the partial dominance theory for 
th(> explanation of heterosis and the theory involving the divergence 
in function of members within allels are not mutually exclusive, since 
the phenomena differentiating these two theories may be operating 
in the same cross. That such may be the case seems probable when 
one considers the part that dupUcation of parts of chromosomes, 
aneuploidy, and polyploidy accompanied by point mutation must 
liave played in the origin of divergent plant forms. Hence, both of 
these theories merit careful study. 

Evidence sufficient to differentiate the partial-dominance theory 
and the theory based on divcigence in function between members of 
allels will be difficidt to obtain. However, evidence concerning the 
relative importance of these two phenomena will not be so difnctilt 
to obtain. For example, if it were possible to establish solfed lines as 
vigorous as the Fi generation, in those c^es in which the Fi ge®ierati(m 
was materially more vigorous than the inbred lines from which it 
originated, then the divcigence in function of members of allels, at 
least, could not have played a predominant part in bringing about 
heterosis; since, according to this theory, heterosis is dependent upon 
heterozygosity. The experimental design for such a test should 
include at least the Fi generation, the original inbred lines from which 
it sprang, and the selected inbred line or lines. As far as the author 
can ascertain, no case invdving such a critical test in which the 
selected inbred lines have equaled the Fj generation in vigor has been 
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reported for either naturally self-fertilized or naturally cross-fertilized 
plants. 

Richey and Sprague {40) have done work that has a bearing upon 
this problem. They attempted to increase productivity of inbred 
lines by convergent improvement {S9). The process involved back- 
crossing the Fi generation to each of the original inbred lines entering 
the cross to produce the Fi generation, and then selecting to cany 
over as many of the favorable factors from the nonrecurring parent 
as possible. These selected plants were again crossed to the recurring 
parent. Hence, two independent backcrossing programs were carried 
along simultaneously, one to one parent and another to the other. 
Tlie criterion as to the number of times that backcrossing and selection 
sliould be practiced was whether the yield of the progeny obtained by 
crossing the selected backcrossed plants with the nonrecurring parent 
equaled or exceeded the yield of the Fj generation plants obtained 
by crossing the original inbred lines. Richey and Sprague (40) found 
three or four generations of back-pqUinating to be sufficient for the 
selection of some lines whose behavior in such crosses would be equal 
or superior to the recurring parent. Moreover, they stated that 
experience also indicated that only two or thr<*e generations of selling 
after back-pollinating would be required to fix the recovered lines 
sufficiently for a second cycle of convergent improvement. 

With the immediately foregoing methods and results in mind, it is 
easier to follow Richey and Sprague’s {40) discussion as to the bearing 
of their data on the theories for the explanation of heterosis. In 
1931, when tiny wrote their paper. East’s theory had not been 
advanced. They examined their data to determine whether heterosis 
could most logically be accounted for by the physiological-stimulation 
hypothesis or by the hypothesis based on at least partial dominance 
of genes favorable to growth. However, their remarks conci'niing 
the stimulation hypothesis could just as well apply to East’s theory 
of divergence in functioti of members of allels, since according to both 
theories heterosis is dependent upon heterozygosity. Richev and 
Sprague’s {4O) data pertaining to the problem under consideration were 
divid<*d into two separate categories. 

In the first category were given the yields of the Fj generations, the 
yields of the Fi com crosses back-poUipated to one parent for different 
numbers of generations and thep crossed with the nonrecurring parent, 
and the yields of the Fj generations obtained by crossing the original 
inbred lines. Selection to retain genes from the nonrecurring parent 
was practiced during the back-pollinating program. Richey and 
Sprague {40) compared the obtained yields with the theoretical yields 
calculated on the assumption that the effects of the genes are arith- 
metically cumulative. That this assumption probably was correct 
will be shown later. They pointed out that for the first backcross 
generation selection could not be practiced, but that for the remaining 
backcross generations selection for genes from the nonrecurring parwit 
would make these selected lines more like the nonrecurring parent. 
Hence, according to the theoiy of divergence in function between 
members of allels, the yields of the crosses betweeii these selected 
lines and the nonrecurring parent should be lower than the theoretical 
yields. As a matter of fact, Richey and Sprague {4ff) found the 
reverse to be true, as would be expected on the oasis of the partial- 
dominance theory for the explanation of heterosis. 
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In the second category wore discussed the yields of Fi generations 
resulting from crossing selected inbred lines and the yields of the Fj 
generations resulting from crossing the original inbred lines. In any 
one cross the two selected inbredi hues resulted from a program of 
backcrossing to different parents. According to the theory of diver- 
gence in function between members of allcls, the Fj generations result- 
ing from crossing selected lines should produce lower yields than the 
Fi generations resulting from crossuig the original inbred lines. 
Richey and Sprague {JiO) obtained quite the reverse result. The Fj 
crosses (3 X 2^) X (2 X 3^) and (3 X 2^) X (2 X 3^ yielded more than 
the actual parental Fi cross 2 X 3. Again, the results are those ex- 
pected on the basis of the partial-dominance theory for the explanation 
of heterosis. However, the results do not exclude the possibility of 
divergence in function of members of allels accounting for some of 
the heterosis exhibited by these Fi generations; but the results do 
furnish rather conclusive evidence that such a phenomenon cannot be 
the sole cause of heterosis. Considerable research needs to be con- 
ducted with a variety of plant material and charactei*s before the 
relative importance of these two phenomena in bringing about 
heterosis can be evaluated. 

It will be remembered that Jones (^5), in his hypothesis explaining 
why the corn breeders had failed to obtain inbred lines as vigorous as 
the Fi generations, assumed linkage between genes favorable to 
growth and those not so favorable. Anderson (/), working with a 
cross between Nicotiana alata and N. langsdorffii, has published data 
tliat have a bearing upon this problem. He discussed the hindrances 
to free recombination of characters under the headings gametic elim- 
ination, z^ygotic elimination, ‘^spurious pleiotropy,’^ and linkage. In 
his material the two primary causes of gametic elimination were non- 
viability of pollen and genes for self-sterility. Anderson^s (I, p, 682) 
comments concerning zygotic elimination in species crosses may be 
summed up by his statement: 

Tlie complexion of any particular F 2 will be deteniiinod by the particular 
environnient in which it was grown as well as by the possibilities inherent in the 
germ cells which begot it. Even under the so-called standard conditions of a 
scientific experiment there are numerous uncontrolled variables to which any two 
hpeci<^s will react differentially. These will include such factors as time of year, 
sunshine, humidity, temperature, crowding, fumigation, and others. For every 
differentially selective factor in the environment there will tend to be a selection 
of F 2 segn»gates. An ideal F 2 is as impossible as an ideal environment. 

‘^Spurious pleiotropy’^ may be of considerable importance in all 
breeding work involving hybridization. For example, it is rather 
evident that any characters entirely dependent upon tlie same phys- 
iological genetic processes caimot be recombined. In regard to 
linkage, Anderson concludes that if the number of factors affecting a 
character equals or exceeds one per cross-over segment, then all such 
clmractcrs will bo tightly linked, without regard to the further restric- 
tions imposed hj frequencies. From theoretical considerations he 
makes the following statement (f, p. 689): 

If we suppose that the species differ on the average by only four genes per 
crossover segment (which seems a ridiculously low value) then the total hindrance 
is in the neighborhood of 1/2048. This means that even though we were to grow 
an F 2 so large that it occupied all the arable land on the oartli, we would still be 
obtainlxig less than 1/2000 of the gene combinations possible with no linkage. In 
our actual Fj therefore we have been obtaining only a fraction of this fractioh, 
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and in addition there have been the further restrictions imposed by pleiotropy 
and gametic and zygotic elimination. 

Anderson {!) points out that his data are in agreement with the 
theoretical consideration. These studios further emphasize the diffi- 
culties one may expect to encounter in attempting to obtain inbred 
lines as vigorous as those Fi generations exhibiting considerable 
heterosis. 

NATURE OF THE INTERACTIONS OF GENES AS DETERMINED BY END PRODUCTS 

The literature on the nature of the interactions of the genes as 
determined by end products is rather extemsive, as in the broadest 
sense it includes both the physiological genetic and morphogenetic 
studies as well as other studies on quantitative inheritance. Also, 
much information can be obtained from papi'rs on the applied phase', 
of genetics, namely, plant and animal breeding. No attempt will be 
made to review all the literature having a bearing on this subje<*t. 
Only a brief review covering some of the more important principles 
will be given. Foi* a more extensive survey the reader is r(*ferr(‘d to 
Goldschmidt {16), 

The theory of gene action as developed by Goldschmidt {16) has a 
direct bearing upon an interpretation of the data concerning the nature 
of the interactions of the genes ditfemitiating quantitative characters, 
these interactions being determined by the measun'inent of end prod- 
ucts. Goldschmidt pictures the development of the individual as due 
to reaction velocities in time and postulates further that the reactions 
involved are catalyzed by genes. That the genes contix)! rates of 
reactions {15 ^ 48) is basic to this theory. Other biological conceptions 
basic to Goldschmidt’s theoiy of gene action are thrc'sholds, timing, 
interrelationships of the. different reactions catalyzed by tlu' g('nes, 
and the numerical systems involved. A discussion of each of thesi' 
phenomena has been given in previous publications {16, 37) and nc'.ed 
not be repeated here. 'However, since the present study has to do 
with the numerical systems involved, it may be well to review briefly 
some of the invi'stigations pertaining to this phase of the mattiT. 

At least two nmnerical systems are of interest. (1) There may be 
no interactions between the genes affecting the quantitative character. 
Then, the effects of these genes will be arithmetically cumulative. 
This is well illustrated by the work of Mangelsdorf and Fraps {34). 
who found that in com the vitamin A units per gram increased 
approximately 2.25 for each additional Y gene. 

(2) The nature of the interactions of the genes affecting the quanti- 
tative character may be such that the effects of the genes are geo- 
metrically cumulative. The methods of attacking this problem have 
been quite diverse. From statistical considerations, Galton {14) 
expressed the belief tliat the forces acting on vital phenomena tend to 
have constant rate effects (effects in geometric progression). East 
{9) and Groth (f 7), from genetical and statistical considerations, 
came to the conclusion that in certain cases the effects of genes 
differentiating quantitative characters are geometrically cumulative. 
Lindstrom {31), working with crosses between species of l/ycomrmmj 
clearly realized that this may be true. Houghtal^ (J8u), from 
iporphogmetic studies on the size of the tomato fruit, reached the 
same conclusion. Sinnott {46), MacArthur and Butler {8S)\ and 
Charles and Smith (S), from a study of the means and frequency 
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distributions of the parents, and of the Fj and F 2 gcmerations, inter- 
preted the results from size-inheritance studies as showing that the 
(‘fleets of th(*, g(‘n(‘s differentiating the (jjuantitative cliaracU'rs are 
g(‘ometrically cumulative. Powers {36^ 57), by the use of marker 
gon(?s, found that th(‘ nature of the interactions betweem the genes 
carrii^d in different tvgions of the chromosome and tlie nature of the 
interactions betwe^en th(‘ factors n'pnvseiih^d by generations and those 
carried in the dilferent r(‘gions of the cliromosome W(‘re such that the 
(‘fleets of these genes wen^ geometrically cumulativ(‘. The investiga- 
tions of Houghtaling {20) and of MacArthiir and Butler {33) show 
that size of fruit in tlie tomato is dep(‘n(l(‘nt upon at h'ast thre(‘ stages 
of dev(‘lopment: Locule pattern formation, increase in cell numb(‘r, 
and C(‘ll (‘xpansion. Rinc(^ th(‘se stag(‘s of dev(^lopmc‘nt occur in the 
se([U(‘nc(^ given, one might (*.xpect th(‘ (‘fl‘(‘cts of th(^ genes to be geo- 
m(‘trically cumiilativ(‘. Pow(u*s {37) found that such was the cas(‘.. 
H(‘- termed- this an interstagic typ(‘, of int(U*act ion of the g(‘nes. His 
w^ork showed also that the intrastagic type of int(U’action of the genes 
pertaining to number of locuh's was such that the eff(‘cts of tlu^ genes 
were geonK'trically cumulativ(‘. 

EXPERIMENTAL CONSIDERATIONS 

The (wperimental considerations in d('signing an (‘xporiment are 
d("pendent to a great (‘xtent on the obj(‘ctives of the inv(‘stigations. 
The objective gf tlie present study was to obtain more information 
concerning the genetic phcnom(‘na of het(‘rosis and dominance and 
concerning the nature of the interactions of the genes diff(^rentiating 
the quantitative charaettTs. 

Yield being a very important economic consideration in tomato pro- 
duction, the following charactc'rs aff(‘cting yi(‘Id were selected for study: 
Weiglit per fruit, number of locules per fruit, number of fruits pW 
centimet('r of branch, height of plant, and spread of plant. It is 
apparent that weight of fruit and numb(‘r of locuh^s have economic 
importance other than through the influence th(\v have upon vield. 
In obtauiing W(‘ight of fruit data, 5 fruits p(^r plant w(n'e weighed and 
av(‘raged in 1938 and 10 fruits per plant in 1939. The weights were 
(^xpr(‘ssed in grams. As for number of locules the counts were bas(?d 
on 2 fruits per plant in 1938 and on 5 fruits p(‘r plant in 1939. To 
determine number of fruits per centimeti^r of branch, one representa- 
tive main branch of each plant was measured for hmgth and the fruits 
on that branch were counted ; then the numlxT of fruits was divided 
by the length of the branch expressed in centimeters. In measuring 
height of plant and spread of plant, care was taken to obtain measure- 
ments representative of the plant and to avoid extr(‘mes. Height is 
the distance from the ground level at the base of the plant to the top, 
and spread of the plant is the diameter measured through the main 
stem as the center. Both of these measurements are expressed in 
centimeters. 

From genetic considerations and since the objective of the inve^sti- 
gations was to obtain more information concerning the phenomena of 
ixeterosis and dominance and the nature of the interactions of the 
genes differentiating these characters, it is apparent that the parents, 
the Fi generation, the Fg generation, and the oackci'osses to the respec- 
tive parents should be included in the tests. All of this material was 
grown in a randomized-block experiment, there being a total of 20 
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blocks ia each of the years 1938 and 1939. In 1938, two plots per 
block of each segregating generation were grown to one plot per block 
of the parents and Fi generation. In 1939 only one plot of each was 
grown per block. The parents and generations were randomized 
within blocks, the randomization being the same for greenhouse 
propagation and field planting within any specified year. All opera- 
tions such as transplanting were performed on the basis of blocks. 
Hence, since randomization was within blocks, any differences due to 
operations would not be confounded with the differences, such as those 
between generations, between parents, and between parents and 
generations, which the experiment was designed to study. 

The parental material comprised the varieties Bonny Best, Danmark, 
and Johannisfeuer of Lycopersieon esetdenium Mill, and the Bed Currant 
variety of Z. pimpineUifolium (Jusl.) Mill. The crosses Johannis- 
feuer X Danmark and Danmark X Bed Currant were grown in 1938, 
and the crosses Johannisfeuer X Bed Currant, Johannisfeuer X 
Bonny Best, and Johannisfeuer X Danmark were grown in 1939, 
Johannisfeuer X Danmark being grown during both years of the 
study. The purpose of the experimental design was to place th(‘ great- 
est emphasis on variety of plant material without entirely lu'glecting 
environmental influences as represented by years. The immediately 
foregoing discussion may be summarized as follows: Data for 5 
quantitative characters were taken from somewhat more than 12,000 
plants. The 12,000 plants represented 4 different crosses and were 
growm in a randomized block experiment composed of 20 blocks. 

The methods employed in reducing the data were essentially the 
same as those given by Powers (36, 37) witli the exce])tion of some 
minor clianges, desirable because of the nature of the experiment. 
Only these clianges need be mentioned here. Since the interi'st in 
flthis study lies primarily in comparisons between averages of parents 
'and generations, the plot instead of the plant was used as the unit for 
reducing the data. Theft, for each parent and generation the standard 
errors were estimated for within crosses and for within generations 
and parents on the basis of the averagt*s of plots, t hese averages being 
derived from the individual plant data for the respective plots. In all 
1 tables the standard errors of the means are given. Differences having 
\P values 1(188 than 0.05 were considqfcd as statistically significant. 

• The symbol B,, which appears both in the tables and in the text, 
'signifies that the progeny indicated resulted from backcrossiug the 
> Fj to the designated parent. 

The details of the experimental design are given in another paper 
(S8) dealing with stages of development and need not be repeated 
here. 

HETEROSIS AND DOMINANCE 
THEORETICAL CONSIDERA^MS 

When interpreting and evaluating the data, it is of decided benefit 
to have in mind the tlicoretically expected behavior of the generation 
means. First, the Fj mean will be compared with the parental means 
to obtain information as to whether heterosis, complete dominance, 
partial dominance, or no dominance exists. With this information 
available, it is possible to predict where the means of the backcrossed 
generations and the mean of the Fj generation should fall in respect 
to the mean of the Fi and the two parental meana. If the F, genera- 
tion dhows heterosis, at least one of the backcross generations should 
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show heterosis also. This should be the backcross to the parent 
more closely approa(‘.hing the Fi. The other backcross may or may 
not show heterosis, depending upon the disparity between the means 
of the parents. The mean of the F 2 should fall between the means of 
the backcross generations and would not be a very close approxima- 
tion of the mean of the Fi. On the other hand, if there were no 
heterosis but instead some typo of dominance or no dominance, 
theoretically the following behavior would be expected: The mean of 
either backcross generation should fall between the mean of the Fi 
and the mean of the parent to which the backcross was made; and 
the mean of the F 2 should fall between the mean of the backcross 
generations, and it should approach more closely the mean of the Fi 
as the d(»grcc of dominance became less. Henc(‘, with no dominance, 
the F 2 mean should be a veay (*losc approximation of the Fi mean. 
With theses theoretical predictions in mind we are in a better position 
to interpn'.t and evaluate the data. 

EXPERIMENTAL DATA 

The exjxMimental r(‘siilts will be <Uscussed under five headings; 
(1) W(‘iglit of fruits, (2) number of loculcs per fruit, (8) number of 
fruits per centimeter of branch, (4) plant height, and (5) plant spread. 

Weight of Fkuits 

Tin* means for weights of the individual fruits expressed in grams 
ar(‘ given in table 1. For the cross Danmark X Johannisfeucr, in 
both 1938 and 1939, the mean of the Fi generation falls between the 
means of the two parents but is closer to the mean of the smaller 
,4Vuited parent, Johannisfeuer. The difference between the two 
differences involved in this latter comparison is statistically significant 
for 1938 but is not statistically significant for 1939. However, since 
these differences for both years are in the same direction, one can 
safely conclude that small size of fruit is partiiilly dominant. The 
remaining data for this cross for 1938, askle from the fact that the 
means of the backcross generations and the mean of the F 2 fall be- 
tween the means of the two parents, are not sufficiently consistent to 
allow any conclusion to be drawn either for or against the supposition 
that small size of fruit is partially dominant. The data for the cross 
Danmark X Johannisfeuer collected in 1939 and the data for the 
other (*rosses may be discussed together. In eveiy case the mean of 
the Fi lies closer to the mean of the smaller fruited parent. 

For the crosses Danmark X Red Currant and Johannisfeuer X Red 
Currant the differences involved in the comparisons are statistically 
significant, whereas the differences involved in the comparisons for 
the crosses Danmark X Johannisfeuer and Johannisfeuer X Bonny 
Best do not reach statistical significance. In these crosses small size 
of fruit seems to be partially dominant. If such is the case, the fol- 
lowing should be true: The mean of the backcross to the larger fruited 

J )arent should fall between the mean of the Fi and the mean of the 
orger fruited parent; the mean of the backcross to the smaller fruited 
parent should fall between the mean of the Fi and the mean of the 
smaller fruited parent; and the mean of the F 2 should fall between 
the means of the two backcross generations. The experimental data 
for Danmark X Johannisfeuer in 1939 and for the other three crosses 
are in general agreement with the theoretical expectation. Hence, 
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from these data it may be concluded that small size of fruit is partially 
dominant for the tomato crosses involved. 

Table 1. — Means for weight of individual fruits ^ 


Hybrid, tjeneration, or 

Mean weight of fruits in— 

Hybrid, generation, or 

Mean weight 
of fruits in 
1939 

parent 

1988 

1939 

parent 

Panmark X Johannisfeuer: 

Johannisfeuer. . . 

Bi to Johannisfeuer 

Fi generation . _ 

Fj generation , 

Bi to Danmark ... 

Danmark 

Grams 

40. 130±2. 773 
45. 975±1. 918 
41.325rt-l 990 
49. 548dtl. 9(»8 
43 970±1 810 
M.015±2.075 

Grams 

5.5 004+2. 330 
04.040+2.2(50 
70 043+3 035 
69 329+1 934 
78.079+2. 405 
87. 934+2 017 

Johannisfeuor X Bonny 
Best- 

Johannisfeuer. 

Bj to Johannisfeuer . 

Fi generation.. . 
Fjgeneration. 

Bj (0 Bonny Best .. 
Bonny Best . . . 

Grams 

.5.5. 004+2 330 
63.826+2.810 
82.019+3 119 
81 3.36+3,847 
90 736+3 on 
119.616+3 037 

Danmark X Red Currant : 

Red Currant . 

B» to Red Currant 

Fi generation. 

F 2 generation .. 

Bi to Danmark 

Danmark 

.915,+ .0.32 

2 09.5+ .OtlH 

5 48t»+ .318 
5. 380+ . 19(i 
10.105+ .552 
51 170+3 548 

r . ... 1 

j Johannisfeuer X Red Cur- 
rant: 

1 Red Currant .. . . 

j Bi to Red (’’urrant 

! Fi gem'ratlon 
j F 2 generation. . ... 

j Bi to Johannisfeuer 

1 Johannisfeuer. 

903+ .029 

1 2 2(55+ .086 

(5.682+. 134 
6,0(56+ .318 
18 948+ 805 
! 55 004 d 2 330 


Number of Loculbs per Fruit 

The means for number of locules p(‘r fruit are listed in tabl(» 2. 
The data for the Danmark X Johannisfeuor and the Johannisfeuer X 
Bonny Best crosses are very similar and hence may be discussed to- 
gether. In no case is the Fi mean significantlj" different from the mean 
of the fewer loculed parent. It would s(‘em that small number of 
locules is completely dominant. This conclusion is substantiated 
by the moans of the backeross to the fewer loculed parent. In fact, 
for 1939 the mean of the backeross to the fewer loculed parent in both of 
these crosses is smaller than the mean of the fewer loculed parent. 
The means of the backcrosses to the many-loeuled parent in all cases 
fall between the mean of the Fi and the mean of the many-loculed 
parent. The means of the F 2 in all cas<^s fall between the means of 
the backcrosses, and approximate but are somewhat gre^ater than the 
means of the Fj. The consistency of the data both for years and for 
crosses leads the writer to put considjprable confidence in the conclu- 
sion that small number of locules is completely dominant in the crosses 
Danmark X Johannisfeuer and Johannisfeuer X Bonny Best. 

Table 2. — Means for riumher of locules per fruit 


Hybrid, generation, or 
parent 

Mean lotniles iier fruit in-- 

Hybrid, generation, or 
I>arent 

Mean loonies 
per fruit in 

1938 

1939 

1939 

Danmark X Johannisfeuer: 

Number 

Number 

Johannisfeuer X Bonny 
Best: 

Number 

Danmark . 

5.476+0.057 

6. 183+0. 065 

Bonny Best ; 

Bi to Bonny Best ! 

6.318+0.069 

Bi to Danmark 1 

5.575+ .064 1 

5.898+ .097 

5.452+ .077 

Fi genBrati(m.u I 

5.*500+ .086 1 

6.061+ .096 

Fi generation 

6. 329+ . Ill 

F) generation. I 

Bt to johannisfeuer 

0. 595+ . US 

6. 826+ . 150 

F» generation 

6.781+ .208 

7.600+ .100 1 

7,844+ .136 

Bi to Johannisfeuer . . 

7.034+ .162 

Johatmlsfeaer. 

9.125+ .091 ; 

1 

2.(^ .014 
2.206+ .015 

9.028+ .084 

Johannisfeuer 

9.028+ .084 

Danmark X Red Cur- 
rent; 

Rod Cuirant 

Johannisfeuer X Red Cur- 
rant: 

Red Currant, . - - . , , . 

2.034+ .004 
2.183+ .016 
2.517+ .029 
2.886+ .078 
4,356+ .140 
9.028+ .084 

BitoBOd Ourrant 

f i itenomtion 

'* Vi .... , . 


B| to Red Cunant 

2,305+ .018 
2.570+ .022 
8.478+ .087 
5.406+ .068 


Fi goneratitm 

Fj generation 

Danmiurk.p.. 


Bi to Johannisfeuer 

Johannisfeuer 

DfWiicwBfk...,,.-.- 
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Likewise, the data for the crosses Danmark X Red Currant and 
Johannisfeuer X Red Currant are veiy similar an<l therefore may be 
discussed together. The Fi means lie between the means of the 
respective parents, but in both cases materially closer to the mean 
of the fewer loculed parent. It would appear that small number 
of lociilcs is partially dominant. The means of the backcrosses to 
the parents having smaller number of locules li(', betw(‘en the Fi means 
and the means of the parents having smaller number of locules. 
The means of the oth('r backcrossc^s lie between the Fi means and the 
means of the parents having a greater number of locules. The means 
of the F 2 fall betwe(‘n the means of the backcross generations and 
approach the Fj means rather closely but are somewhat larger. The 
data for Danmark X Red Currant and Johannisf<»uer X Red CuiTant 
are in agre(?ment with the conclusion that small number of locules 
is partially dominant. Again the consistency of the data allows one 
to have considerable confidenct^ in the validity of this deduction. 

Number of Fruits per Centimeter of Branch 

The m(‘ans for numbeu* of fruits per centimeter of branch are given 
in table 3. First, consi(l(T the cross Danmark X Johannisfeuer. 
The mean of tlu* Fi for 1938 falls between the means of the parents, 
itidicating partial dominance of fewer fruits per centimeter of branch. 
The means of the backcrosses and the mean of the F 2 support this 
conclusion. For this same cross hi 1939 the mean of the Fi and the 
mean of tin* backcroSvS to Johannisfeuer are not significantly different 
from the mean of Johannisfeuer, the parent having smaller number of 
fruits. This would indicate complete dominance of small number 
of fruits per centirni'ter of braiudi. The mean of the F 2 and the mean 
of the backcross to the parent having a greater number of fruits per 
C(‘ntimeter of branch are in agreement with this conclusion. 

For the cross Johannisfeuer X Bonny Best the difference between 
the means of the parents is not very great. The fact that the means 
of all th(' hybrid generations, including the Fi, fall between the means 
of th(» two ])arents is rather conclusive* evidence that dominance is 
partial. 

Table S -Means for number of fruits per centimeter of branch 


Ujhnd, g<*n<‘iation, or 
puroiil 

; Xfean fruits 

\m 

cm hiaiieh m- » 

1 1939 

Hybrid, geiu'ration, or 
imnmt 

Mean fruits 
pc‘r cm, branch 
m 1939 

Danmark X Johannisfeuer; 

Number 

Number 

Joliannisfi'uer X Bonn> ; 


Johannisfeuer 

1 0 21fidz0, 000 

0 22nir0. 009 

Best- 

Number 

Bi to Johannisfeuer . _ . 

1 .22f>±.0(H 

.201± .008 

Boimy BevSt.. 

Bi to Bomiy Best . . 

0 187dr0.008 

Fi generation 

1 .243^.007 

, 2H=fc . 007 

. \97± . 010 

Fj generation 

.201=fc .006 

.239± 010 

F) generation . 

1 192:t .007 

Bj to Danmark. 

.320d=.006 

.2«4d= .012 

Fj generation 

.19l± .008 

Danmark 

Danmark X R<*d rurrant: 

.4l0i:,012 

..337J; .014 

Bi to Johannisfeuer., . , 
Johannisfeuer 

197db .007 
.220dr .009 

Danmark 

.417:t .012 


Johannisfeuer X Red 

r m 

Bi to Danmark... 

.m± .010 


Currant: I 

Fj generation. . 

.3f)9db .009 


Johannisfeuer.. . , 

.220d= .009 

F 2 generation 

.428=h .011 


B| to Johannisfeuer- . 

.24l± .009 

Bi to Red Currant - . . . 

.m± .on 


Fj genemtion . . . 

.302rb .015 

Red Currant 

.441± .017 

' 

Fs generation 

Bi to Red Cun'ant , - 
Red Currant 

.m± .016 
.393d: .024 
j .548db.030 
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Considering the Fj for the cross Danmark X Red Currant, the 
following facts regarding number of fruits per centimeter of branch 
become apparent. The mean of the Fj is smaller than the mean of 
either parent; the mean of the backcross to Danmark falls between the 
mean of the Fi and the mean of Danmark; and the mean of the F 2 
and the mean of the backcross to Red Currant fall between the mean 
of the Fi and the mean of the Red Currant parent. These facts are 
typical of heterosis. That tliis is an expression of heterosis is apparent 
from a consideration of the length of intemode as detennined by the 
distance between leaf axils in the Fi as compared with the same 
character in the parents. The distance between leaf axils was con- 
siderably greater in the F, than was the distance between leaf axils 
in either parent. This fact is reflected m the spread and height data, 
which will be given later. The greater length of the intemodes of the 
Fi would result in a greater number of centimeters per cluster and 
would be expected to result in fewer fruits per centimeter of branch 
length. Accordingly, the heterosis noted is probably due to the 
vegetative vigor of the plants. 

For the cross Johannisfeuer X Red Currant, the F, mean fulls 
between the means of the two parents; the mean of the backcross to 
the Johannisfeuer parent falls between the means of the F, and of the 
Johannisfeuer parent; and the mean of the backcross to the Red 
Currant parent and the Fa mean fall between the means of the Fi and 
of the Red Currant parent. Henc-e, fewer fruits per centimeter of 
branch length is partially dominant. 

These data clearly oemonstrate that heterosis and dominance, 
insofar as inheritance of the character number of fniits per centimeter 
of branch is concerned, are dependent upon both the cross and the 
environmental conditions as repre^nted by years. 

Plant Height 

The means for plant height, expressed in centimeters, are listed 
in table 4. The crosses Danmark X Johannisfeuer, Danmark X Red 
Currant, and Johannisfeuer X Red Currant may be discussed together. 
In these cases the means of the F, exceed the means of all other hybrid 
generations and the means of the parents. Moreover, in all of these 
crosses the means of the backcross generations fall between their 
respective Fi means and those of the parents to which they were 
backcrossed. In all these crosses the means of the F 2 generations 
fall between the means of their respective backcross generations. One 
other fact concerning the data should be noted. With the exception 
of the Bi to Danmark mean in 1939 (for the cross Danmark X Johan- 
nisfeuer) aU of the hybrid generation means exceed the means of their 
respective parents. From these data it may be concluded that all of 
these crosses show heterosis for plant height. 

For the cross Johannisfeuer X Bonny Best, the Fj mean falls be- 
tween the means of the two parents, but slightly closer to the mean of 
the taller parent.*' The difference involving two differences (F,— 
Johannisfeuer) — (Bonny Best— Fi), in this comparison is not statistiA 
cally significant. For the cross Johannisfeuer X Bonny Best, plant' 
height approach^ intermediacy or no dominance. The magnitudes 
of the means for the other hybrid generations are in accord with these 
conclusions. 
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Table 4. — Means for plant heiglit 


Hybrid, generation, or 

Mean plant height in— 

Hybrid, generation, or 

Moan plant 
height in 

1939 

parent 

1938 

1939 

parent { 

Danmark X Johannis- 
feuer: 

Centimeterg 

Centimeterg 

Johannisfeuer X Bonny 
Best. 1 

Centimeters 

Danmark , . 

3.5.40*9 617 

35. .57*0 427 

Johanni-sfeiier. - - , _ 

39. 43*0 495 

Bi to Danmark . , , , 

39.38* 687 

.38. 45* . 490 

Bi to Johanni.sfeuer .. 

41.66* .675 

Fj generation.. . 

i3.>«)± .942 

41.21* .677 

Fi generation. 

43 67* . 606 

Fs generation , . , . 

41 .38* 022 

39.56* .740 

Yi generation 

43.61* .868 

Bi to Johannisfeuer . 

41 80* .683 

41 07* . 510 

B| to Bonny Best 

45. 28* . 566 

Johannisfeuer, ... 

38 95* 851 

39.43* 495 

Bonny Best. - 

46 87* . 556 

Danmark X Red Cur- 
rant • 

Red Currant 

27 90* 676 


Johannisfi>iier X Red Cur- 
rant 

Red (Currant 

36.79* .665 

Bi to Red Currant . 

35 73* .606 


Bi to Red ('urranl.. 

39.77* .762 

Ft generation . , . 

44. 45*1. 202 


F| generation. . 

43.49* .832 

F? general ion 

55 93* , fl46 



Fa gern'ration 

39.93* .855 

Bi to Danmark. . - 

:18.88* (m 1 

. 

Bi to Johannisfeuer , . 

40 59* 524 

Danmark. 

34 704 j 


Johannisfeuer i 

39 43* . 495 


Plant Spread 

Tbo moans for plant spn^ad, exprossod in centimi'ters, arc given in 
table' 5. The data for all of the crosses may be considered together. 
Without exception the me'ans of the Fi generations exceeded the means 
of all oth('r hybrid ge'iierations and the means of the parents in their 
respective crosses. Also, in every cross the mean of the ba(*kcross to 
the parent with the greatest spread exce(»ded the mean of the parent 
with the greatest spread. The means of the bac^kcrosses to the parents 
with the smaller spread, in all cases, fell between the means of the 
rosp('ctive Fi generations and those of the parents with the smaller 
spn'ad. Therefore, we may conclude that all crosses show heterosis 
for plant spread, heterosis being particularly pronounced in crosses 
including Red Currant. 

Table 5. — Means for plant spread 


Hybrid, generation, or 
parent 


Mean plant spread in— 


1938 


1939 


Hybrid, generation, or 
parent 


Mean plant 
spread in 1939 


Danmark XJohanuisfeuei; 
Danmark 
Bi to Danmark . 

Fi generation., 

Fs gimeration. . , , 

Bi to Johannisfeuer 
Johannisfeuer , , . 

Danmark X Bed Currant- 
Danmark . . 

B I to Danmark,, 

Fi generation 

Yi generation 

Bi to Red Currant 

Red Currant.. 


Cfntinieterg 

«« 

77. ()5±2, 243 
94. 70±4.379 
84. 2&±2 483 
88. iti=b2.604 
79. 2(hi=3. 509 


06 86±2. 253 
93. G8di2. 294 
137. 55*4.943 
105. 98*2. 720 
120 68*3. IXM 
100. 65*4. 475 


Centhn^ers 
107 45*2 651 
130.46*1.938 
155. 32*1. 625 
139. 65*2. 626 
153.49*1 996 
144.59*2 103 


Johannisfeuer X Bonny 
Best. 

Bonny Best, - 

Bi to Boimy Best 
F| generation . 

Ft generation, , . 

Bi to Johamiisfeuer 

Johannisfeuer . 

Johannisfeuer X Red Cur- 
rant 

Johannisfeuer . 

Bi to Johannisfeuer, . 

Fi generation 

F 2 generation 

Bi to Red Currant 

Red Currant 


Centimeterg 
128.05*1.605 
139. 52*2 151 
151 06*1 933 
146. 47*1.970 
147.73*2.066 
144. 59*2. 103 


144. 59*2. lOS) 
173.93*2.597 
198.38*2.202 
173. 97*2. 113 
179. 46*1.980 
169 98*1. 302 


NATURE OF INTERACTIONS OF GENES 

THEORETICAl. CONSTOERATIONS 

The data concerning the nature of the interactions of the genes have 
a, hearing upon two of the possible numerical systems involved. It is 
important from the standpoint of both genetics and plant breeding to 

ewKHW-m — 3 
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know whether the effects of the genes are arithmetically or geometri- 
cally cumulative. The formulas used in obtaining the theoretical 
means are the same as those described by Powers and Lyon {38) and 
need not be repeated here. As previously pointed out {38), the method 
employing these formulas is not always discriminative. This was 
found to be true in the case of many of the data collected in this study. 
In fact, the method was found to bo discriminative for only part of the 
data on weight of individual fruits and for only part of those on num- 
ber of locules. 

EXPERIMENTAL DATA 
Weight of Fruits 

The obtained and theoretical means for weight of individual fruits 
are given in table 6. Very little if any information can be obtained 
concerning the nature of the interactions of the genes for the crosses 
Danmark X Johannisfeuer and Johannisfeuer X Bonny Best, because^ 
the two sets of theoretical means are very nearly equal. However, 
such is not the case with the crosses Danmark X Bed Currant and 
Johannisfeuer X Red Currant. There are only very small differences 

Table 6. — Obtained and theoretical means for weight of individual fruits 


Mean woijiht of fruits 


Hybrid, year, and geueration 

Obtained j 

1 Theoretical 



( h'ouM'trk* 

Arithmetic 

Danmark X Johannisfeuer: 

ms 

Bi to Johannisfeuer .... 

Fi generation 

Bi to Danmark 

Grams 

49. 908 

43. m±\. 810 

Orom« 

40. 723 
43.863 
47. 246 

Grams 

40. 728dil. 717 
44.1994:1.411 
47. 6704:1. 634 

1939 

Bi to Johannisfeuer 

Fi generation _ a.. 

Bi Danmark 

64. 040=k2. 260 
69.329d:1.934 
78.079±2.406 

1 

62.070 

69.794 

78.480 

62. 524dLt. 881 
70. 7504:1.730 
78.98941 1.924 

Johannisfeuer X Itonny Best : 

1. 



1939 

Bi to Johannisfeuer- -- .. . .. . 

Fa ganoration 

Bi to Bonny Best 

63.8262b2.8)6 

81.3:)6=t:3.847 

90.736^3.011 

67.167 

81.665 

99.049 

68.5124:1.912 

84.6654=1.849 

100.8184:2.264 

Danmark X Red Currant : 




1938 

Bi to Red Currant ------ - 

2.095^ .068 

i 

2.239 

8.1984: .076 

Fj generation 

Bi to Danmark - 

5.3802b .106 
16. 10B± . 652 

6.124 
16. 746 

16. 761 41.214 
28.8254: .757 

Johannisfeuer X Red Currant: 




1939 

Bi to Red Currant 

Fa generation - 

2.2652b .086 
6.006d= .318 
18.948:b .805 

2.456 

6.862 

3. 7934: . 046 
17. 3184=. 114 
30.84841.449 

Bi to Johannisfeuer 

19. 171 



between the obtained means and the theoretical means c^alculated on 
the assumption that the effects of the genes differentiating weight of 
fruit are geometrically cumulative. It is rather apparent that the 
fit is very poor between the obtained means and those calculated on 
the assumption that the effects of the genes differentiating weight of 
fruit are arithmeticalljp' cumulative. Ev^ thou^ the fit is fairly 
good between the obtained means and the theoretical means baaed on 
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the geometrically cumulative hypothesis, it should bo noted that in 
both crosses these theoretical means are consistently larger than the 
obtained means. It is quite evident that these differences cannot be 
attributed to the errors of random sampling. One cannot draw the 
conclusion from these data that the effects of the genes differentiating 
weight of fruit arc strictly geometrically cumulative. Some unknown 
quantity is exerting an influence. 

Number of Locules peb Fkuit 

The obtained and theoretical means for number of locules are given 
in table 7. Again for the crosses Danmark X Johannisfeuer and 
Johannisfeucr X Bonny Best, a comparison betwc'cn obtained and 
theoretical means is of little value in determining the nature of the 
interactions of the genes as deteimincd by measurements of end 
products. Again the difliculty lies in the nondiscriminative nature of 
the method employed. However, such is not the (iase with the crosses 
Danmark X Red Currant and Johannisfeuer X Red Currant. The 

Table 7. — Obtained ami theoretical means for number of locules 


Mean locules jH^r fruit 


year, and ffoncraflon 

Obtained 

Theoretical 

Geometric 

.\rithmetic 

Danmark X JulmiinisffUcr* 


1 


Iff IS 

Nu mber 

Ku mbfr 

1 

Kumber 

Bi <n Dmmmrk 

r> 67.‘)=fc0.064 

5.487 

5 488:1:0.052 

F’Kenoraiion 

6. Wfidr . 118 

6.235 : 

6 4tK)dt .054 

111 to JohuniiJbfoucr 

7. 500± , 100 

7.084 

7.313^: .006 



i 


Bi to Danmark 

m± .(n»7 

6 117 

6.n7± .058 

Fj trenoration . . i 

G.R20=fc .LW i 

6 724 

6.828db .058 

B j to J ohann isfeiicr - - . . 

7.344i .136 

7. m 

7.540d: ,068 

Johannisfeuer X Bonny Be.st : 




1919 




Bi to Bonny Best - 

5 .077 

0.323 

C.324d= .065 

Fs generation - - 

6.78li .208 

0. 014 

7.001:1= .066 

Bi to Johannisfeuer 

7.034d: .102 

7.559 

7.679d= .075 

Danmark X Ked Currant. 




19.iH 




Bi to lied Currant 

2.20.'>d= .016 

2. 216 

2.223=b .011 

Fjf Kone, ration . 

2. 670d= .422 

1 2. 824 

3.0ri±: .015 

Bi to Danmark - _ 

3 473dt .037 

3. 598 

3.900± .026 

Johannisfeuer X Red Currant: 




1919 




Bi to Rod Currant 

2.m± .016 

2.263 

2 276=b .013 

Fj ^feneration — 

2.886db .078 

3.284 

4 02i± .020 

Bi to Johannisfeuer 

4. 3r>6=fc . 140 

4.767 

5.773i .035 


fit between the obtained means and those calculated on the assumption 
that the effects of the genes are arithmetically cumulative is not good. 
The fit between the obtained means and the means calculated on the 
assumption that the effects of the genes are geometrically cumulative 
is considerably closer. But again the calculated means for both 
crosses are considerably larger than the obtained means: and again it 
is apparent that some unknown quantity or quantities are influencing 
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the results. From these data wo cannot safely conclude that the 
effects of the genes are strictly geometrically cumulative. By the use 
of marker genes Powers (Sff, 37) has sliown that in the Lycopersicon 
material studied the results were tliose expected on the tlieory that the 
effects of the interactions of the genes influencing both weight of 
fruit and number of locules are geometrically cumulative. 

DISCUSSION AND CONCLUSIONS 

HETEROSIS AND DOMINANCE 

Plant-Bbeeding Methods Utilizing Heterosis and Dominance 

Before taking up the relation that the foregoing data have to a 
tomato-breeding program, it may be well to consider some of tin* 
plant-breeding methods that have been developed to utilize heterosis 
and dominance. These methods includi* the following: (1) Inbreeding, 
followed by hybridization ; (2) production of Fi hybrids, three-way 
hybrids, double hybrids, advanced-generation hybrids, and inbred 
lino X varh'tv hybrids: (3) production of synthetic varieties; (4) 
predicting yields of hybrids from inbred lines; (o) improvement of 
inbred lines. 

Shull (42, 43, 44, 45), East (6, 7, 8), Jones (28, 24), and East and 
Hayes (tl) did the early work loading to the modern methods of 
breeding crops in which the utilization of heterosis is a primary con- 
sideration. They demonstrated the advantages of inbreeding follow ed 
by hybridization. Hence, the production of inbred lines and the 
determination of the combining ability (ability to produce high- 
yielding hybrids) of these inbred lines became a standard procedure for 
corn breeders. 

Problems concerning the most efficient means of utilizing these 
inbred lines soon arose. Shull (48) was tin* first to suggest grow'ing (lu* 
Fi generation between two inbred lines of corn to produce the commer- 
cial crop. However, the poor yield and quality of seed produced by 
inbred lines of eom are obstacles to the use of Fi hybrids. To ovi'r- 
come these difficulties Jones (84) proposed the use of double crosses. 
Soon after this, three-way crosses came into use. Jones’ idea was to 
cross two Fi generations of different inbred parentage anti to use 
seed thus produced for jilanting the commercial crop. This method 
has proved very practical and is now* in general use throughout the 
United States. In 1930 Kiesselbach (3d) published results showing 
that yields from advanced-generation hybrids wert* t'qual to those from 
the original double cross. As the name implies, this method involves 
crosses between generations subsequent to the Fi. For example, the 
two Fs generations obtained from the Fi generations making up the 
original double cross would be hybridized to produce an advanceil- 
generation double cross. The use of inbred line X variety hybrids 
for the production .of the commercial crop was first suggosttKl by 
Lindstrom (80). This method involves crossing an inbred line an’d 
a variety, and in some cases satisfactory yields ha.ve been obtained. 

, All of the foregoing methods developed to utilize heterosis in com 
production have a common disadvantage, namely, that the farmer 
cannot save seed for the production of next year's crim from the 
current crop. "To overcome this difficulty Hayes and Garber (19) 
cuggeated using inbred lines to produce synthetic varieties. So far no 
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outstanding syntbetic. varieties have been produced. It seems that 
synthetic varieticis offer promise, and hence the production of such 
varieties irnunts more consideration than it has received in the past. 
This fact is emphasized by the findings of Wright (^5), Neal (S5), and 
Kiesselbach {20y Wright {/f9) has shown that ‘‘a random-bred stock 
derived from n inbred families will have 1/r^th less superiority over its 
> iiibiHHl ancestry than the first cross or a random-bred stock from which 
the inbred families might have been derived without selection.'^ 
Neal {35) found that for 10 single hybrids, 4 three-way hybrids, and 
10 double hybrids the agreement was very good between the obtained 
and theor(*tical means (calculated by the use of Wright’s foimula). 
Kiess(*lbach {27), in 1983, reported the ri'sults of tests made over a 
period of years to d(;t(Tmine the comparative amounts of yield reduc- 
tion in the S(‘cond generation of various kinds of crosses, including 
single, double, 8-line, and 16-line hybrids. He reached the following 
conclusions: 

The decrease in yield of any hybrid in the F2 generation is equal to half the 
difference in yield iK'tween its Fi and the mean yield of the open jxdlinated parents. 
This will alsi) ai)ply to any advanced generation ii\ the absence of selection. This 
reduced yield is flue to a reduction in tlie number of favorable growth factors as a 
conscupK'iice of close breeding. In any orthodox hybrid in which the two parents 
ar(‘ rt‘gulariy built up from efpial numbers of lines this reduction tends to be 
inverM'ly proportional to the number of lines involved. 

Thus Wright (^.9), working with animals, and Kiesselbach {27), 
working witli jdants, drew similar conclusions. From these investi- 
gations it seems ratluT saf(‘ to conclude that the amount of decrease 
in yit'ld of grain iti Zea mays accompanying inbretnling may be pre- 
dicted by Wright’s (49) formula, and therefore it should be possible 
to produce a high-yielding synthetic variety, provided a sufficient 
numlx'r of iuhnnl lines having high combining ability are available. 

One of th(‘ biggest problems 01 th(‘ corn breeder is ascertaining the 
combining ability of inbrt^d lines when used in single, three-way, and 
double cross(‘s. The obvious method is to make the possible crosses 
b(Twt‘en the inbnMl lines and then test these crosses for yielding ability. 
Where laige numlx'rs of inbred lines are available, this method is 
almost proTiibitivc owing to the large amount of labor, tiiiK*, and land 
required for testing. Th(‘refore, methods matraially reducing these 
requirements are needed, tienkins and Brunson {22) pointed out- that, 
for producing double crossr's, multiple crosses, or synthetic varieties, 
the most valuable lines are those that cross well with a large number 
of inbred lines, i. e., those that produce, on the average, the best 
hybrids when tested with a rather wide range of germ plasm. Jenkins 
arid Brunson {22) also reported the results of studies to determine 
whether this wide range of genu plasm might not be supplied by 
crossing with a mixed collection of varieties, or possibly by crossing 
with an individual variety. From these studies they concluded that 
crosses with open-pollinated varieties may be used efficiently in the 
preliminary testing of new lines. Following up this work, Jenkins {21) 
found that the information obtained from comparisons of inbred-line 
variety crosses may be utilized to advantage in estimating the per- 
formance of double crosses among these lines. Jenkins {21) also gave 
a method of estimating^ the yields of double crosses, based on genetic 
considerations. He pointed out that — 

In any double cross the genes of each of the four parental linos are united only 
with allelomorphs of the two lines w^hich entered the double cross from the opposite 
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parent. In the double cross WXXYZt therefore, it would seem that the crosses 
WYf WZy XY, and XZ better represent the hybrid combinations actually occur- 
ring than do all six of the possible combinations among these lines. 

Following this suggestion, Doxtator and Johnson (S) demonstrated 
that highly significant differences in yielding ability can be found 
in double crosses resulting from the use of single-cross parents 
produced from four inbred lines, and that by the appropriat(‘ use of 
single-cross data the highest yielding double-cross combination may 
be predicted. Hence, it would seem that the methods devi'loped by 
Jenkins (21) would greatly expedite testing the combining ability of 
inbred lines. 

h>om the foregoing discussions, it is apparent tliat tlu' improvement 
of inbred lines, particularly as to yielding ability and (luality of seed, 
would aid materially in solving many of the corn-bre(‘ding problems. 
Convergent improyemeiit was developc'd by Richey (S9) as a mi'thod 
of increasing the yielding ability of inbred lines and at the same time 
maintaining their combining ability with certain other inbred lines. 
The procedure for this method was as follows: Two inbred lines that 
combined exceptionally well were crossed to produce an Fj generation ; 
then the Fj g<meration was backcrossed to each inbred line; selection 
for vigor and characters of the nonrecurring parent was practiced in 
these two scTies of backcrosses; these selections of any one seric's w(‘re 
again backcrossed to the inbred line occurring in that series, and again, 
from the progeny, individuals possessing vigor and other d(‘sirable 
characters of the nonrecurring jiarent were selectc^d. Tins procedure 
with the two series of backcrosses was continued until tlu' yi(‘lds of 
the crosses between the selected lines and the nonrecurring parent 
equaled or exceeded the yields of the Fi generation obtained from cross- 
ing the original inbred lines. Richey and Sprague ( 40 ) found that 
three or four backcrossings were sufficient to produce hybrids whose 
yields were approximately equal to the yields oi the Fi crosses between 
the foundation inbred Imes. Moreover, in these backcrossed genera- 
tions there was indicat(»d a permanent improvement of 13 to 1 5 peu’ccuit 
over the recurring parent after allowing for differences in the degree 
of inbreeding. Then, as Richey and Sprague (40) point(»d out, 
inasmuch as this excess presumably is due to the retention of additional 
dominant genes from the nonrecurring parent, as a result of selection 
among the progeny resulting from hack-pollinating, the recoviTed 
lines are heterozygous for thcvse genes and hence must be inbred to 
put at least some of these genes in the homozygous condition. After 
this has been accomplished the breeder is in a position to start a second 
cycle of convergent improvement. In summarizing the results from 
their tests with corn, Richey and Sprague (40) drew the following 
conclusions: In addition to the larger yields of the reeov(»r('d lines, 
improvement has been achieved in ability to resist lodging and in the 
amount of pollen shed; yellow endosperm has bcnm substituted for 
white and clear pericarp for red, all without changing significantly 
the behavior of the lines in crosses; con veigent improvement, suggested 
orimnally from theoretical considerations as a means of improving 
selmd lines of com without interfering with thoir behavior in hybrid 
combination, so far has been found successful; the results sug^t that 
this method also may provide a means by which the yidUs of Fj 
crosses between selfed Imes can be raised to an even higher level. 
From the results obtained by Richey and Sprague, it seems safe to 
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conclude that convergent improvement is a practical method of im- 
proving yielding ability and other desirable characters of inbred 
lines. 

Application of Heterosis and Dominance to Tomato Breeding 

In a tomato-breeding program it is apparent that the standard 
methods of breeding self-fertilized crops can and should be used. 
However, it is not so appanmt that the methods developed for the 
improvement of cross-f(*rtilized crops can be used advantageously 
in a tomato-br(‘(‘ding program. Infonnation concerning heterosis 
and dominance of the more important economic characters of tomatoes 
is essential to the solution of tliis problem. The data n^ported in 
this paper give some of tliis information. 

Small size of fruit, as determined by weight, was found to be partially^ 
dominant. Nearly the same situation exists in regard to number of 
locales, small mimlx'r of locules being either completely or partially' 
dominant. Partial dominance or heterosis was exhibited for smaller 
number of fruits per centimeter of branch. / From th(*se results it 
Avould seiun that the tomato breeder cannot utilize heterosis to increaset 
size of fruit, number of locules, or number of fruits per centimeter of 
branch.) However, if smaller fruits or fruits with a smaller number 
of locules are desired, these can b(^ obtained in hybrids by crossing , 
with varietias or strains possessing these charact(‘rs. Heterosis for 
increased height and spread of plant was obtained. Also, it will be 
remembered (38) that some of the crosses discussed in this paper 
exhibited d(*cided heterosis for earlin<»ss of maturity. This was par- 
ticularly^true for those crossi's having Ked Currant as one of the 
parents. I In n^gard to the charactei*s studied » it may be concluded 
that theVrc^itest beiK'fits due to heterosis will come from increased 
plant size and incnuised (nirliness. 1 Some of the increase in plant size 
should result in increased idant^delds. It seems that increases in 
plant size and ('arliness an' sullicient to warrant an intensive study 
of the possibility of utilizing heterosis in the commercial productionj 
of tomatoes. 

These consiilerations indicate that the tomato breeder should 
employ those fundamental principles established by geneticists and 
breeders who have already attempted to take advantage of heterosis. 
For example, in building up inbred lines and varieties to be used in 
crosses, foundation stock as genetically divei'se as possible should be 
used. The decided heterosis for increased plant size and for increased 
earliness exhibited by the crosses between Lycopersicon esculentum and 
X. mmpinellifolium amply demonstrates the advantages of such a 
method. During the development of these inbred lines and varieties 
the breeder and geneticist should not forget the necessity of obtaining 
information concerning the inheritance of the economically important 
characters. The breeding program can be pursued with much less 
expense and with much more certainty of success if information 
concerning the inheritance of these characters is available. The truth 
of tliis assertion is verified by the fact that all of the important 
advances in methods of corn breeding have been based on funda- 
mental genetic principles. Also, the value of genetic information is 
well illustrated by the studies concerning weight of fruit, nmnber of 
locules per fruit, and number of fruits per centimeter of branch 
length reported in this article. Since small weight of fruit, small 
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number of loculcs, and small number of fruits per centimeter of) 
branch are at least partially dominant, it is evident that the require- ; 
ments desired in the commercial product should be striven for in the - 
inbred lines, especially if L. pimjyineUifolium has been used as founda- 
tion stock. On the other hand, such characters as earliness and size 
of plant can be obtained by taking advantage of heterosis, provided 
the inbred lines or varieties used in the crosses possess good combining 
ability. It is very apparent that further advances in methods of 
breeding and the utilization of the methods we now have will be 
dependent upon genetic information concerning the crop and knowl- 
edge of fundamental genetic principles. 

In building up strains of tomatoes to be used in crosses, the back- 
cross method and Richey’s (S9) convei’gent-improvement method 
will undoubtedly be of value. In using these methods caution should 
bo exercised in order that material too similar genetically does not 
result. In certain material, to avoid this danger inherent in the back- 
cross method, selection within F 2 and later generations could be 
practiced to advantage. 

Relation of Heterosis and Dominance 

In this paper it has been assumed that from the standpoint of 
phy.siological genetics there is no fundamental difference between the 
phenomena of heterosis and dominance. Some of the data reported 
in a previous article (38) pertain to this assumption. These data 
are presented in tables 8 and 9. 

Tablk 8. — Means of number of days from seeding to first complete change of color 
of any fruit for the cross Danmark X J ohanntsfeuer 


Qt‘neratlon or parent 


Mean ix’riod from WMlinj? to 
first coinplott' change of color 
in — 


f 

1 1038 

1 1039 

Johamiisfeucr ... 

Bi to Johannisfeuer .. 

Fi generation 

Fs gom^ration 

Bi to Danmark 

Danmark 

* ■ 





Dayif 

164.9d=0.900 
.463 
165. 6dr .017 
160 4dt . 437 
167. ,m 
170. 0± .480 

Days 

130. IrfcO. 838 
133. 3± 787 
132. 4± .440 
134.0:1: .727 
134 8:1: . 083 
137. 7± . 632 


Table 9, — Means of number of days from first fruit set to first complete change of 

color of any fruit for 1939 


Hybrid, generation, or parent 

Mean j^eriod 
from first fruit 
set to first com- 
plete change 
of color 

Hybrid, generation, or parent 

Mean t)erio(l 
from first fruit 
set to first com- 
plete change 
of color 

Johannisfeuer X Bed Currant* 

Johannisfouer . 

Bi to Johannisfeuer 

Fi generation 

Ft generation 

Bi to Bed Currant 

Red Currant-. 

45.2^:0.483 
44.0:i: .408 
43. b± . 472 
44.6:1: ,608 
47.1db .635 
49.3ds .601 

Danmark X Johannisfeuer: 

Johannisfeuer 

Bi to Johannisfeuer 

Fi generation 

Fs generation 

Bj to Danmark 

Denmark .. 

Days 

45. 2^:0.483 

47. fidb .664 

48. Od: .516 

49. Oi: .413 
60.3;k .031 
HOsb .563 
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From table 8 it can be seen that there are no significant differences 
between the 1938 means of number of days from seeding to first 
complete change of color in the case of Johannisfeuer, the Bi to 
Johannisfeuer, and the Fi generation. This shows that for 1938 
smaller number of days from seeding to first complete change of 
color of any fruit is completely dominant. In 1939 the means of the 
F*! generation and of the B, to Johannisfeuer were significantly smaller 
than the means of Johannisfeuer and of Danmark. Hence, smaller 
number of days from seeding to first complete change of color showed 
heterosis in 1939. vSinee tlie genotype^s were constant for the two 
years, it is evident that the environment as represented by years 
determined whetluT th(^ chara<‘ter should exhibit heterosis or domi- 
nance. 

v/The means of number of days from first fruit set to first complete 
change of color of any fruit arc listed in table 9. From this table it 
can be seen that for Johannisfeuer X Ked Currant the means of the 
Fj, the B, to Johannisfeuer, and the F 2 generations are smaller than 
th(^ mean of (‘ithcT parent. In these comparisons, the differences 
involving the rn(‘an of the F , are statistically significant. From these 1 
facts it may b(^ concluded that the character smaller number of days! 
from first fruit set to first complete change of color of any fruit exhibits • 
h(‘terosis. For Danmark X Johannisfeuer tlu^ means of all the ' 
generations are between the means of the two parents. Clearly 
smaller number of days from first fruit set to first complete? change 
of color of any fruit is partially dominant. Since in this case the 
(uivironmeiital influene'e has been controlled (randomized-block ex- 
])erimont with 20 replications) we may conclude that whether the 
charact(‘r small number of days from first frtiit set to first complete 
change of color of any fruit exhibits hetcu’osis or dominance is de- 
termined by the puiotype. 

Henc(', as the foregoing data indicate, in one ease the environment 
and in another case the? gemotype determined whether a character 
should exhibit heterosis or partial dominance. This evidence is 
rather conclusive in support of the supposition that heterosis and 
dominance ri'present degrees of identical phenomena and an? de- 
pcuuhuit upon the same physiological genetic processes. 

NATURE OF INTERACTIONS OF GENES 

Although genetics has contributed much to the advancement of 
plant breeding, there is need for considerably more work on the 
inlieritance of the quantitative characters. This is particuilarly true 
for studies dealing with the nature of the interaction of the genes 
affecting the quantitative characters. 

The corn breeders have accumulated considerable data having a 
bearing upon the nature of the interaction of the genes as determined by 
the measurement of an end product, namely, yield. Their data indi- 
cate that the effects of the genes differentiating yield in corn are 
aritlimetically cumulative. In fact those, formulas used in predicting 
thexiretical decreases in yield accompanying inbreeding {27, 35, 40j 4^ 
are based on the assumption that the effects of the genes differentiat- 
ing yield are arithmetically cumulative. The fact that such good fits 
between the obtained and theoretical means were secured by these 
formulas would indicate that this assumption is correct. However, 
before such a conclusion is drawn tests should be made to determine 
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who^er the formulas are discriminative. In other words, would the 
obtained and theoretical data fit just as well if the theoretical calcula- 
tions had been made on the assumption that the effects of the genes 
differentiating the quantitative characters are geometrically cumula- 
tive? To answer this question the theoretical Fa means were calculated 
from Neal's (5d) data for com by using the formulas g^ven in table 10. 

These theoretical means, together with the obtained means, are 
listed in table 11. 


Table 10. — Formulas for calculating theoretical mean yields of Zea mays from 

NeaVs (35) data 


Hybrids 

Arithmetic mean j 

Geometric mean 

i 

Single ... 

3“way 

Double 

2'F,+F,+'p! 

Antiloganthra of | 

Antilogarithm of j 

Antilogarithra of 1 

^21oKK,4*loKP.+logPA 

4 

C Fi+^i-l-Pa+Pj ! 

9 

12Fi+Pi+P2+P»+P« 

10 

1 _ 4_ j _ 

^ 6 log Fi+Iog F| 4-log 1 * 2 -Mog p3 ^ 
f 12 log Fi4'logP;4-logPa4-logP;+logPA 

r 16 / 


Table 11. — Obtained and theoretical F^ mean yields of Zea maySj the calculations 
being based on NeaVs (83) data 
Pj MEAN YIELDS OP ZEA MAYS 



Fi mean yield 

Crods 

Obtained 

Arithmetic * 

Geometric * 

Single hy- 
brid: 

Su, 

Bu. 

Bu. 

3XR3 

46. 7 

40.4 

35. 6 

Rsxa 

47.0 

43 0 

38.6 

2t8X25 

43.7 

41.5 

36.3 

R8X26.-.. 

34.8 

38.6 

34.4 

3X26 

41.7 

47.7 

46.3 

41.7 

40.8 

3X26 

44.7 

6X26,..— 

62.6 

47.9 

43.4 

MiaXRa... 

40.9 

39.7 

34.9 

R3X23 

44.5 

41.6 

37.0 

23X26 

40.6 

46.6 

41.7 


CYo.ss 

Fa mean yield 

Obtained 

Arithmetic ‘ 

Geometric * 

3- way hybrid: 
(R3X3)X26 

Btt. 

49.0 

44.7 

66.9 

Bu. 

61.7 

48.1 

54.4 

48.8 

64.7 

49.6 

67.1 

56.9 

61.4 

Bu. 

46.2 
43.7 

48.9 

44.9 

50.9 
46.6 

62.3 

52.4 

47.9 

f3X25)XR8 

(R3X25)X6 - > 

(6X26)XR3 

46.6 

52.0 

50.0 

68.7 
58.24 
63.6 

Double hybrid: 
(R3X6)X(23X25)... 
(Mi8XRs)X(6X25). 
(3XR3)X(23X25)... 
(6X26)X(3XR3)— - 
(23XR3)X(3X25).-. 



Fa mean yield 

Cross 

j 

CB 

s 

o 

Arithmetic * 

Geometric * 

Double hybrid 
(con.); 

Bu. 

Bv, 

Bu. 

(R9X6)X(3X 
26) 

65,1 

55.6 1 

61.4 

(23XR8)X 

(Misxe)— 

62,6 : 

54.4 

60.6 

(3X6)X(23X 
25) 

1 

57,4 

65.2 

51.9 

(R3X25)X 

(M,3X23)... 

46.2 

52.9 

49.0 

(3XR3)X(6X 
23) 

56.9 

66.6 

61.6 


ANALYSIS SUMMARY OF SINGLE HYBRIDS POR OBTAINED AND 
ARITHMETIC MEANS 


Source of variation i 

Degrees : 

of ! 
freedom 

Sum of 
squares 

Variance 

P value 

P value 

Crosses 

9 

1 

9 

239.908000 
4.080000 
62. 610000 

26.666444 

4.050000 

6.945566 

3.837914 

.683107 

<0.06 
> .06 

Means - - 

Crosses X means 

Total 



19 

306.468000 









) Th6 P values for determiniog the fit between the obtiihied and arithmetic means were greater than 0.05. 
rThe P valuoe for determining the dt between the obtained and geometric means were less than 0.01. 


Some explanation oonceming tibe method of treatment of these data 
should be given. To determine wbether the obtfuned means were in 
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agreement with either group of the theorelical means, the analysis of 
variance was applied to each group of hybrids. The method used is 
shown at the bottom of table 11. The data included in this illustra- 
tion are the means obtained for the singh‘ hybrids and the means 
calculated on the assumption that the efleets of the genes differenti- 
ating yields are arithmetically cumulative. In using this method one 
should examine the detailed data to ascertain whether a few extrem(‘ 
deviates occur. If this is done there should be no misinterpretation 
of the data. 

From table 1 1 it can be seen that the agreement is geiUTally good 
b(^t ween the obtained data and the theoretical data calculated on the 
assumption that tlu' (‘ffects of the genes differentiating yield in these 
inbr(‘d lines of corn are arithmetically cumulative. On the other 
haiul, the disparity Ixdwecui the obtained data and those calculated 
on th(* assumption that tlie effects of the genes are geometrically 
cumulative is in general too great to be accounted for by the probable 
errors of random sampling. These findings are supported by the data 
of Rich(»y and Sprague {J^O) and by those of Kiesselbach {27), It 
should be pointc'd out that in applying the above formulas to data for 
three-way and double hybrids, if the possible Fj hybrids differ materi- 
ally in yield the data from tlie highest yielding combination (5, 21) 
should l)e used; otherwise erroneous conclusions may be di*awn. 
Wlnu’e the possible Fi hybrids do not differ greatly in yield this con- 
sideration seems to be merely academic. 

It will be remembered that in the present study with tomatoes the 
agretunent between the obtained data and those calculated on the 
assumption that the effects of the genes are geometrically cumulative 
was closer than was the agreement between the obtained data and 
thos(‘ calculated on the assumption that the effects of the genes are 
additive. Howev(‘r, in neither instance was the agreement so close 
that the differences noted could be attributed to the errors of random 
sampling. The characters involved were wedght of fruits and number 
of locules per fruit. By using the method involvmg marker genes, 
Powers {SO, 37) has shown that the results obtained in a study of 
these two charactei-s are those expected if the e^ffects of the genes 
diffenuitiating these two characters and associated with the marker 
genes are geometrically cumxdative. Hence, it seems rather evident, 
us previously pointed out by Powers (37), from theoreti(‘al con- 
siderations and a study of other data, that more than one typo of 
interaction of the genes differentiating quantitative characters must 
exist when measuremeuits of end products are involved. 

SUMMARY 

The studies here reported included as parental material the Bonny 
Best, Danmark, and Johannisfeuer varieties of Lycopersicon escvlen’- 
turn, and the Red Currant variety of L. pimpinellifolivm. The 
brooding was carried to the second hybrid and two backcross genera- 
tions and in addition the study mcluded the Fi generation and both 
parents. 

Small size of tomato fruit as determined by weight was found to be 
partially dominant. 

Small number of locules was found to be either completely or partially 
dominant. 
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Partial dominance or heterosis was exhibited for smaller number of 
fruits per unit length of branch. 

Heterosis obtained for increased height and spread of plant. 

It was concluded that the increase in plant size and the previously 
determined earliness, due to heterosis (5S), are sufficient to warrant 
an intensive study of the possibility of utilizing this phenomenon in 
the commercial production of tomatoes. 

The agreement between the obtained means and those calculated 
on the assumption that the effects of the genes are geometrically 
cumulative was closer than was the agreement between the obtained 
means and those (calculated on the assumption that the effects of the 
genes are arithmetically cumulative. However, in neither instance 
was the agreement so close that the differences noted could be attrib- 
uted to the errors of random sampling. 

Evidence has been presented showing that from the standpoint of 
physiological genetics hetc^rosis and dominance are merely different 
degrees of the same phenomena. 
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INHERITANCE OF STAGES OF EARLINESS IN AN 
INTERSPECIFIC CROSS BETWEEN LYCOPERSICON 
ESCULENTUM AND L. PIMPINELLIFOLIUM ' 

By Channing B. Lyon 2 

Junior physiologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, united States Department of Agriculture 

INTRODUCTION 

In 1936, at the Ch(\v( 3 niic Horticultural Field Station, Cheyenne, 
Wyo., an interspecific cross was made between the tomato varieties 
JohannisfeiK'r (Lycoperslcon esculeiiturn Mill.) and Red Currant (Z. 
pimpinellifolivrn (Jusl.) Mill.) in an attempt to combine certain impor- 
tant characters of Johannisfeuer with th (3 desirable earliness of Red \ 
Currant. The Fi, F 2 , and backcross gesnerations, together with the 
panuits, were grown in 1937, and the results on studies of tlie inheri- 
tance of earliness are reported by Powers and Lj’^on.^ The F 3 genera- 
tion and advanced backcross generation, together wdth the Ft genera- 
tion, F 2 generation, and panuits, w'ere turned over to the author in 1938 
for an investigation of th(‘ inlieritance of earliness. 


METHODS 


This study included the parental lines, the Ft gcuieration, the 
generation, F 3 families arising from self-fertilized plants resulting from 
backcrossing the Fi generation to Johannisfeuer, and Fa families 
arising from self-fertilized F 2 plants. The backcross plants and the F 2 
plants giving rise to the last two classes had been selected for earliiiess 
of maturity in 1937. The seed was planted in flats in the greenliouse 
on April 21, 1938. After germination the seedlings were spotted off in 
flats in strain ro>\s, which were randomized according to Tippett^s 
randomization tables* to (diminatc i>ossiblc positional effects in the 
greenhouse. The strains and generations were transplanted into the 
field June 1 , 1938, in rows, 12 plants to the row% each row being repli- 
cated 4 times and randomized as to position within a block. Ten 
blocks of 48 rows each were used, each block containing both parents, 
the Fi and F 2 generations, 4 strains of the sedfed generations of the back- 
cross, and 4 strains of selected Fa’s. This made possible the testing 
of 40 strains of the seJfed generation of the backcross and 40 strains of 
Fs’s in a randomized block design,® using a total population of 5,760 
plants. 

On July 13, 1938, wdien the large-scale breeding population was 
entirely in bloom, a severe hailstorm occurred, inflicting considerable 


1 Received for publication January ^ 1941. ... . . , . 

9 Acknowledgments are due Dr. LeRoy Powers, of this Division, for suggesting this problem and for his 
helpful cooperation during this investigation. Acknowledgments are also due Dr. J. M. Beal, professor of 
botany, University of Chicago, for his Interest and help in the preparation of this manuscript. 

* Powers, LeRoy, and Lyon, Changing B. inheritance studies on duration or developmental 
STAGES IN CROSSES WITHIN THE GENUS LYCOPERSICON. JOUT. Agr. Res. 63: 129-148. 1941. 

4 Tippett, L. H. C. random sampling numbers. I-ondon Univ., Univ. Col. Tracts for Computers 
No. 16, 8 pp.. 26 tables. London. 1927. ^ ^ u 

« Fisher, R. A. the design or experiments. Ed. 2, rev. and ext., 2/2 pp., illus. Edinburgh and 
Iiondon. 1937. 
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damage on th(' entire population. The effect of the hail was uniform 
over the entire field planting, and only stubs of plant stems were left 
above ground. Since hailstorms inflicting such damage occur fre- 
quently during this sc'ason in many portions of the central Western 
States, they must be considered as part of the environment in HXiy 
breeding program. Under conditions that are present in such an 
environment, inheritable carliness is confused with ability to recover 
after hail damage. 

For convenience aiul ease of analysis, earliness in tomatoc^s may be 
divided into various stages. Powers and Lyon ® have recognized the 
following stages and have' found they behave as genetic characters 
and can be treated as such in studies of quantitative inheritance: 
(1) Period from planting to firet bloom; (2) period from first bloom 
to imt fruit set; (3) period from first fruit set to first complete color 
change. In the experiment lierein reported tlie occurrence of hail 
delimited additional stages, so that five different stagt's are employ(»d 
in this study. The following is a list of the stages, together with the 
criteria that delimit them in actual field practic(»: 

(1) Period from planting to first bloom before hail. — The day that the corolla of 
the first flower opened was recorded for each plant, and the number of days from 
the planting date was computed for this stage of earlines.s. 

(2) Period from planting to first bloom after hail. — The same procedure was 
followed as in stage 1, as all plants were pruned back to a uniform basis and all 
flower buds were removed immediately after damage occurred. 

(3) Period from first bloom after hail to first frvit set. — When a definite swelling 
of an ovary in a flower occurred, the date was recorded and the number of days 
from first bloom was computed for this stage of earliness. 

(4) Period from first fruit set to first complete color change.— Tho date of first 
complete color change W’as recorded for each plant when the green coloring on a 
fruit had disappeared, and the number of days from first fruit set to first com- 
plete color change was computed for this stage' of earliness. 

(5) Period from planting to first complete color change. — This stage of earliness 
represents a summation of stages 2, 3, and 4. 

The mean values of rows were used to establish differences betw(M‘n 
strains or generations. Tlie data thus obtained were then subj(Hd.('d 
to analj^ses of variance, and the interaction between strains and 
replications was used as an estimate of error. Odds as great as or 
greater than 19 : 1 against the deviations noted being due to tlie 
errors of random sampling w^ere accepted as being statistically signifi- 
cant. ^ 

RESULTS 

Table 1 gives the F values for testing the statistical significance^ of 
differences between strain means and of differences betwT^en replica- 
tion means. The differences between the strain means will bo dis- 
cussed under their respective stage headings. 

PERIOD FROM PLANTING TO FIRST BLOOM BEFORE HAIL DAMAGE 

From table 1, it may be concluded that, for period 1, in no case 
could the difference between strain means bo accounted for by chance. 
In all cases the F values were of sufficient magnitude tp^ give prob- 
ability values as small as or less than 0.01. 


^ See footnote 3. 
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Table 1. — F values for testing the statistical significance of differences between strain 
means and of differences between replication means 

BETWEEN STRAINS i 


F value for indieatcd period 


1 (II 1 

Blo<‘k No 1 Planting 

' to first 
! bloom 

I (licforc 
hail) 1 

(2) 

Planting 
to first 
bloom 
(after 
hail) 

(3) 

First bloom 
after hail 
to first 
fruit set 

(4) 

First fruit 
si't to 
first color 
change 

(5) 

Planting 
fo first 
color 
change 

, 

... . i 10.92 

4 23 

2. 74 

1 73 

3.20 

2 

.. ' 14 4.5 

4. 29 

1 10 

4 85 

5. 10 

3 

! 18 7r> 

6. 08 

. 1 07 

8.80 

13.84 

4 _ 

1 7,4.'» 

5 83 

.37 

.5.21 

9. 60 

.5 

. . - 1 .5.99 

6 .58 

1 01 

3. 21 

4.92 

i\ .. .. 

- .... ‘ .5.51 

3 .57 

1 89 

10 40 

11.02 

7 

- 14.33 

0 50 

2 53 

9 37 

11.73 

8. 

' 3. 70 

3. 07 

2 21 

2 78 

3 05 

9 

20.8.5 

' 8. GO 

1 1, 12 

5 14 

8 98 

10 

I .5 10 

1 .5. 71 

1 1.39 

0. 38 

10. 23 


R E T W E E N R E P LIC A T 1 0 X .S 2 



1 


0. 20 

2 05 

' 3 20 

i 3. 19 

2 

. . : 1 77 

2.23 

70 

1 .72 

j 1 11 

3 . 

39 

.81 

.94 

1 4. 08 

5. 48 

4 

' 

.. - 0.02 

1 25 

1 (H) 

1 5 01 

' 6 46 


. : ..52 

2 20 

I 18 

j 1. 19 

i 1.07 

() - 

.. ' 2 02 

2 30 

SO 

1 2 18 

! 3. 79 

7 . . 

' 99 

3.91 

.01 

i 5. 45 

1 8.78 

h \ 

: 79 

.24 

. 90 

2. 87 

j 1 04 

9 .. . 

- .. ' 13 

1 87 

2.20 

I .51 

.75 

10 

.... . - . .80 

1.38 

1 00 

.40 

.52 


‘ 2.S'1 1 ? the 1-percoiit Itnol and 2 .(MHs the rnpereent le\el for valuei> »>f with 11 degrees of freedom for 
strains and 33 degiws of freedom for the interaction of strains and replications, which was used as error. 

2 4 44 IS the l-jK'rcent le\el and 2.89 i*' the f*-|H'reent le\el for values of F wuth 3 degrees freedom for repli- 
cations and 33 degrees of freedom for tlie interaction of strains and rejdicalloris, which w^as used as error 

B(»foro hail, tho Rod Currant panuit exhibitod a mean number of 
tlays to first bloom of 74.5f)±0.444 days from the planting date. 
Joluinnisfeuer, the later parent, bloomed in 81.54±0.271 days, making 
it possible to demonstrate a parental mean differenet* of G.99±0,520 
days. The Fi gtuieration bloomed in 76.13 ±0.440 days and differed 
from the arithmetic mean of the two parents (78.04 ±0.260 days) by 
1.91 ±0.f)16 days. The mean difference is over three times its stand- 
ard (‘rror aiuf therefore significant. The simple geometric mean 
(77.97 days) obtained from the means of the parents does not conform 
to the observed mean of the Fi generation as a mean difference of 1.84 
days is demonstrable. Also, from the foi*egoing data it is apparent 
that the generation diffta-s significantly from the earlier parent, as 
the dilference is 1.58 ±0.629 days. In other words, although the 
geometric mean obtained from the means of the two parents more 
closely approaches the observed mean of the Fi genei*ation than does 
tin* arithmetic mean obtained from the means of the two parents, 
dominance is a factor and must be considered. This agre(*s with 
(lata of Powers " for number of Iocul(*s and fruit size. 

The observed mean of the F 2 generation for date of first bloom before 
hail w^as 75.76 ±0.408 days. By using Wright’s formula as quoted by 
Powers,^ which takes into consideration dominance in geometric in- 


7 POWKRS, LkROY. STIUUBS ON THE NAtrRK OP THE INTERACTIONS OF THE OENES HIFPERENTIATINO 
QUANTITATIVE CHARACTERS IN A CROSS METWEEN LVCOPERSICON ESCUI.RNTUM AND L. WMPINELLIFOL'irM. 
Jour. Genet. 39: {139^170. 1939. 

410944-41 4 
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heritance as shown by the Fi generation, one may obtain a predicted 
F2 mean of 77.04 ±0.261 davs. Wliilo the standard error of the pre- 
dicted F2 mean is in itself subject to error and represents only the best 
approximation available, the difference between predicted and ob- 
served F2 ttieans of 1.28 ±0.484 is statistically significant. Therefore, 
in considering the F2 generation, the viewpoint given above of a 
geometrically inherited character taking into account dominance is 
not substantiated. 

The data show that it is possible by selection within the F2 genera- 
tion to obtain F3 strains that are at least 8 days earlier than the Red 
Currant parwit in regard to date of first bloom. Table 2 lists 10 such 
F3 strains, giving strain means as well as the standard errors. 


Table 2. — Tabulation of the mean nutnher of days from planting to first bloom 
before hail of parent s^ Fi and h\ general ions ^ and early selected strains 


J*aront oi strain No. 

Moan 

1 

Error 

[ Gonoratiou or .strain No. 

1 ' 

i Moan 

[ 1 

Error 

Parent* 

Days 

Days 

Gonoration: 

Days 

Days 

Red Currant 

74 55 

dbO 444 

F. . . 

i 76 13 

drO 446 

Johannisfeuer 

81 54 

± 271 

Fa 

i 75.76 > 

±.408 

Selected Fa strain: 



Solwtod Fa strain. » 

i i 


26-10., - 

66 02 

=b3 830 

98-12 . .. 

62 50 1 

±2 423 

40-7 

57 25 

=fc:l 691 

144-3 

1 61.31 

±2 188 

60-16... 

56 29 

=fc3. 529 

210-8 

60. 87 

±i 119 

72-23 .... .. . 

m. 13 

-t 1.425 

211-4 

I 64. 19 I 

±3 3(W 

97-16 

63 04 

i=3 589 ( 
1 

216-1 

()(>.44 1 

±1. 192 


1 Th(‘S(‘ strains wore al U-ast H days tmiliei than tho Kh! rurrani iwiront in poriod from planlmi: to 
first bloom before hail 


PERIOD FROM PLANTING TO FIRST BLOOM AFTER HAIL DAMAGE 

From tabic 1 it is d(*arly demonstrable that any differences shown 
between strain moans an* valid and sif^iificant. In all of tin' 10 
blocks, one is able to demonstrati' significanci' above the 1 -percent 
point for the difference.^ between means of the strains, or, in all case's 
the odds are greater than 99:1 against the occurrence' by e-hance' of 
such a distribution of strain means. 

After the hailsteerm the Red Currant parent bloomed in 98.26 ± 0. 1 95 
days from the date of planting. The later parent, Johannisfe'uer, 
bloomed in 102.02±0.189 days, and it js possible after hail damage to 
demonstrate a mean difference betwe'en parental line's of only 3.76 
±0.272 days in blooming dates. When one re'calls the diffe're'nce of 
6.99±0.520 days that was elemonstrable. before hail occure'd, one may 
conclude that the expression of this genetic diffe'rence was eiecreased, 
in this experiment, by damage due to hail. 

The Fi generation shows a mean number of days to first bloom of 
97.89 ±0.209. This mean conforms neither to the arithmetic mean 
(100.14 ±0.136 days) obtained from the means of parental lines nor 
to the simple geometric mean (100.12 days) obtained in the same 
manner. It is impossible to demonstrate conclusively that the Fj 
generation is significantly earlier than the Red Currant parent, since 
a difference of only 0.37 ±0.286 day is shown. m 

The obsei-yed Fj mean was 99. 13 ±0.194 days, which is very close 
to the predicted 99.00±0.125 days based on the assumption that 
genes differentiating this stage of development are geometrically 
cumulative. Refined analysis is not necessary to show that the differ- 
ence between these two means is not statistically si^ificant. 
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The selected F3 strains that had shown (marlin ess in regard to date 
of first bloom before* liail gave no indications whatsoever of blooming 
early after hail damage* occurre*d. There* was no indication of early 
blooming afte*r hail in any F3 strain or in any strain of the* s(‘lfe*d genera- 
tion of tin* backcre)ss, and the Fi g(*ne*ration in ge*neral showe*d the 
only inelications in the population of blooming earlier than the Re>d 
Currant ])are*nt. 

PERie)!) FRe)M FIRST BLOe>M TO FIRST FRUIT SET 

The Ke*el Chirrant varie'ty of tomato 1*1*14 uires a perioel from lii*st 
ble)e>m to fii-st fruit set of 4.25 ±0.090 days, while* the* Jediannisfeue^r 
varie*ty re*(piire*s a shorte*r perie)el of 3.58 ±0.1 21 days. The parental 
strains thus e*xhibit a significant mean diftVrence of 0.67±0.]51 day. 
The Fi ge*neratie)n mean (3.88±0.109 davs) lie*s betwe*e.'n those of the 
l)are*nts anel differs signifie*antly from the mean of the Reel Currant 
pare*nt, the* nie*an eliffe*re*nce being 0.37±0.141 day. The difference 
between the* Johannisfeiie*!* pareMit and the* Fi ge*neration (0.30±0.163 
elay) close*ly ap])re)ache*s statistical signifi(*ance^ There* is, howeve^r, 
no significant elilfen'iice* ele*inonstrable* between the* F, ge*neratiem and 
the* arithmetic mean (3.91 ±0.075 elays) e‘alculate*d from the means 
of tlie* pare*nts or be*twe*en the* Fi ge*neration and the geometric mean 
(3.90 elays) calciilate*el from the* me*ans of the* pare*uts. 

The* Fi generation, with a me*un of 4.05 ±0.094 elays for this stage 
of e*arline*8s, ceinforms te) both the arithmetic and ge*ome*tric m(*ans 
calculate*el from the me’ans e)f the two paremts, as no significant differ- 
ence's are inve)lve*el. It also conforms to the pirdicte'el F*, value 
(3.89 ±0.007 days) considering elemiinance of the heterozygote, al- 
though in this case* the Fi ge*iu*ration mean lie*s between the* means of 
the twe) parents. 

By a comparison of any two strain means, it is not possible to demon- 
strate that statistically significant diffe*re*nce*s be‘twee*n strains exist 
within any partie*ular bleick. (Se** table I,) Howe*ver, directional 
('fleets betwe*e*n g('ne>ty])e*s are constant within blocks; and because of 
the large* populatiein involved, with 40 replications within pare*nts and 
within ge'Tieratiems, e*rroi*s are* re*duce*el to a minimum. Acc4*pting, 
the*n, the errors eibtaineel by the* analysis of variance wdthin parents 
and ge'iierations, it is possible to eh'inonstrate a small but sigi^ificant 
(lifl’ere*ne*e* between inbivel line's. How'eve*r, the differc'nccs exhibite^el 
in this stage* eff earlint'ss in this particular cross in the year 1938 were 
so small as to be negligible in a practical consideration of earliness in 
g(*ne*ral. In other y(*ai*s, uneler elifferent environmental conditions,! 
wdien the charactei* would include another factor, blossom drop, it ] 
might prove* to be* highly important. 

PERIOD FROM FIRST FRUIT SET TO FIRST COMPLETE COLOR CHANGE 

Fmm table 1 , it can be seen that the* F values for testing significance 
of mean difference's for the stage from first fruit set to fimt complete 
color cliange are statistically significant for 9 of the 10 blocks. A 
mean of 49.81 ±0.480 days was obtained for the Red Currant variety 
of tomato, while* the calculated mean for the Johannisfeuer variety 
was 52.09±0.397 elays. A pan'iital mean difference of 2.28±0.623 
days is thus shown. The Fi generation shows heterosis, with a gen- 
eration mean of 46.07 ±0.520 days, and ch*arly can conform m no 
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way to (^ithor the arithmetic mean (50.95±0.3n days) or the geo- 
metric mean (50.94 days) obtained from the nutans of the parents. 

The F2 mean of 47.76 ±0.430 days conforms closely to the predicted 
nman of 48.44 ±0.31 1 days obtained by use of WrighVs formula. The 
difference between means of 0.68 ±0.531 day is not statistically sig- 
nificant. It is possible by selection w'ithin the F2 g(meration to obtain 
strains that ai-e at h'ast 6 days earlier than th(» K(m 1 Currant parent 
in the pc'riod from first fruit s(‘t to first complete* color change*. Table* 
3 lists 10 such selected F3 strains, togeth(*r with the'ir stanelard errors. 


T.ablb Tabulation^ m mean number of days, for the period from first fr\nt set 
to first complete color change of the parents, the Fi and generations, and the 
early selected Fi strains 


f*au‘nt or strain No 

j 

I A lwin 

Error 

_ 

! 

( J<‘n<Ta1 urn or st rain N «, j 

Moan 1 

Erior 

Pa roll 1 * 

1 />«</.< 

Dam 

Gfiu'ralum 

i 

flays 

Rod Currant 

’ 49 81 

d-0 480 


46 07 

ri 0 620 

JohannisfoiK'r 

62 0<> 

± 397 

Fa 

IT 76 

± 430 

Soloctorl Fi strain 

I 


Ft St nun < 

1 


60-1') 

; 42 HI ; 

± 1 7.68 , 

134 I 

43 17 

=hl 782 

65-8 

42 02 1 

Tir 996 1 

144 3 

42 02 

40*. 

104-2 

42 94 1 

rM 680 ‘ 

173-10 

42 68 

drl 760 

imi- 16 

1 40 H8 { 

036 , 

206^-2 1 

42 94 1 

f 821 

116-1 

40 .*6 1 

-t 410 , 

21 1 4 ! 

41 12 

-i 761 


> TheM* strains wcK'at loa.st 6 (JayM'ailn‘! than the* Rod (''unant jmiont in the pt'notl fnmi fitf<t fiuit M't 
to first coinplolo ooloi chango. 

PEUieU) FROM PLANTING TO FIRST COMPLETK ('t)I.OU CHANGE 

As one would expect from table* 1, if significance* is eibtaincel for 
‘fiK'tWTcn strains’^ in any of the various stage*s of earline*ss and no 
comp(*nsating diivctional efre*ct. betwe*e*n slage*s is in e*vi(l(*nce, .sig- 
nificance must of ne'C(‘ssity be pre*se'nt in the summation of all stage*s 
from planting to first complete color cliange*. It will be* ne)t.*el in 
stage 5 (see table 1) tliat the oelds are gre‘ale‘r than 99: 1 in all blocks 
against tJie occurr(*nce by chance of such a distributiem e)f strain 
m(*ans. Table 4 rf*pre*sents a summation of all the data on stage's of 
earliness for the par(*nts, the F, geiu'ration, and the F2 ge*neration. 

It is shown in all cast's exce'ot stage 3, wdiere only minute differe'nces 
are demonstrable, that the* difft're'nces betwet'n parents are* all in the* 
same dire'ction. The* final mean (Ufleremce e*xhibite*e] belwt*en tlu* 
inbrt'd line*s is 5.43 ±0.654 days and is ie*ss than the* me*an difference 
shown in the same part*nts up to the* date* of fii-st bloom be'fort* hail 
damage occurre*el. In ye*ars when injury does not occur,® gre*eit<*r 
difl'erences betwee'ii paivnts may be expected than are not(*(l here. 

The* Fi gem*ration in stage 5 shows marked het<*rosis in earlim*ss as 
a result of summation of effects shown in stage's 2 and 4. The* mean 
e)f the* F2 generation lies betwe'em the means of the Fi gf*neratie)n anel 
the (*arlier parent, as it did in stage 4, where hete*rosis in the* earline'ss 
of the Fi ge*neration was alse) noted. The mean of the Fa gemeration 
is clearly pre^dictable,^as it is in all stage's of earliness after hail damages 
occurred, in which the calculations are based on the assumptions that 
the effects of the genes are gciometrieally cumulative and4hat domi- 
nance as exhibited by the Fi generation must be taken into account. 

The F3 strains that showed earliness when the period from planting 
to first complete color changes was used as a criterion were those 


footnote 3. 
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strains that (‘xliibitrd curliness in a particular stage. In some eases 
(‘arliness in on(» stage* was compensated by lateness in another stage, 
and th(‘ n^sult was a strain of no value as far as (*aiiin(*ss in general 
is concerned. 

Jt is of interest to (*xainine the results of the analyse's of variance 
for ‘‘between reifications.'’ ^Miether position in the field materially 
affects th(*si* stag(*s of (*arlin(*ss may be determined fi*om the corre- 
sponding valu(*s. In 11 cases the F values (see table 1) are of suffi- 
cient magnitude to give P values as low as or low(‘r than 0.05. In the 
<*liaract(*r, period from first fruit s(‘t to first complete* color change, 
four blocks showc'd significant F values and, in all cases, this was 
rcfle(*t(*d in tin* same blocks by significance for “betw(*en replications" 
in the; summation of all stages from planting to first complete color 
change. 


Table 4.* Complete anahjms of enrhness^ shouing Qinemiion mtans in days viih 
their standard errors for the various stages of earliness 


Stugo of oaf 


(1) 1‘laruiug f(» fit si 

Llooin In'foio bail ‘ 

(2) eiauting to first 

ffloorn iiftoi hull 
(.1) ImisI filoorn to fiist 
flUll M'l 

(4) First fruit sot to flist 
"oloi (’fratigo 

(r«) Dato plHiit<*(l to 
(Into of first color 
cluiTigo 


, , i ' ; Moan dif- 

* , i i fon‘ncr 

! I between 

Moan (Ijf- , I actual Fa 

Hod Cur- > .folianms. . foionco i Fj gom'ra- , Fjgr'uora- ‘ niounsand 

i rant iwiont i fouor paront ' hotAMrii ! tion tion i l»ro(lit*fod 

1 j paronis ; ! | F? means 

, , 1 1 i according to 

. ' ' 1 Wright’s 

I I j formula 


74 

thi f/.v 
.Vii (1 

144 

Tlmis 
SI f)4±0 

27 10 99rt0 520 70 13rfc0 

U(). 7'i 70rjr0 40Si 

/>« 1/.1 

1 294:0 4S4 

9H 


195 1(12 02 Jr 

lH9.f 70Jr 

272| 97 M9Jl 

209 , 99 1.^4: 

191; 

. 13± . 231 

1 


0<H> 

‘1 5Srir 

121, Ohd- 

151 ! 3 HhJr 

1()9‘ 4 05 1 

(H44, 

. lf)± .nr) 

19 hH: 

IHO 

52 094. . 

;i97'2 2.SJr 

023 40 07d_ 

520 ! 47 70J: 

430! 

I 

()Sdr 5.11 

1.V2 

17-^- 

.50^1 157 (MIJ: 

410 5 IHjr 

054 ' 117 1.94: 

1 

:)2s i.M) S1 + 

473' 

134r . 57S 


1 So\oio hull daiimgo ocouirod ut this paitioiilai time loining onl\ ])lani slomsabcAo ground. All suhso- 
fjuout stagi's of ofirhncss arc confut'd with roco\cr.\ effects. 


Sine(' in 11 eases tin* F values for “between replications” were 
statistically significant, it is apparent that stages of earliness are 
afi‘eet(*d by tin* environmental infliienees represented by position in the 
greenhousf* or field, or holii. Further, from the fact that a majority 
of the statistically significant /'values of the replications fall within 
the periofl from first fruit set to first color change and tin* entire time 
from planting to first color change, one may conclude that as regards 
this cross the stage from first fruit set to first color change is more 
affected by position in the field than are the other stages of earliness. 

SUMMARY 

A population of 5,700 phmts of a cross between Lycoperskon 
escnlenturn Mill, and L, phnjnneUifolmm (Jusl.) Mill., which included 
both parents, tlie Fi generation, and the advanced generations, was 
growm at Cheyfmne, Wyo., in 1938. Earliness was broken up into 
its constituent stages, and the number of days for each stage was 
recorded for each plant. 

Before hail damage the parents showed a,r|liifl^erence of 7 days 
between means in the period from planting to the date of first bloom. 
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The mean of the Fj generation was significantly higher than that of 
the earlier parent and differed significantly from both arithmetic and 
geometric means of the parents. The aetual F2 moan did not conform 
to the predicted F2 mean based on the assumptions that the effects of 
the ^enes are geometrically cumulative and that dominance as 
exliibited by the Fj generation must be taken into account. It is 
possible, by selection of F2 plants, to obtain F3 strains that are earlier 
than either parent in this stage of earliness. 

After hail damage, there was a difference of only 4 days between 
the. means of the parents in date of first bloom. The Fj strains that 
showed earliness in date of first bloom before hail showed no indicatitms 
of earliness in date of first bloom after hail. The period from planting 
of seed to date of first bloom after hail was found to be shorter for 
the Fj generation than for either of the parents or for any other 
generation. Th(‘ F2 mean is clearly predictable in this stage of 
earliness if one assumes that the. effects of the genes are geometrically 
cumulative and that dominance as exhibited by the Fj geru^ration 
must be taken into account. 

Only minute differences are demonstrable in the period from first 
bloom to first fruit set after hail, and the differences are found to b»' so 
small as to be negligible in a practical breeding program. 

Significant differences are demonstrable between the parents in the 
period from first fruit set to firat eomplet(‘ color change. Tin' F, 
generation shows heterosis in this stage of earliness, and the 
generation mean is predictable if one assumes cumulative gene effects, 
taking into account dominance as shown bv the Fj giMieration. It is 
possible by selection to obtain F3 strains tliat are earlier than either 
parent in "this stage of earliness. 

Any differences noted in earlinoss, when number of days from plant- 
ing of the seed to first complete color change is the criterion, are merely 
the result of a summation of stage differences as regards the present 
study. 



THE BUFFER CAPACITY OF THE BLOOD OF THE SIXTH- 
INSTAR SOUTHERN ARMYWORM (PROUENIA ERI- 
DANIA)’ 

By Frank H. IUbbrk 

Amwinte biochewii^t^ of Control InvesiigationH, Bureau of Entomology and 

Plant Quarantine^ ignited A^tates Department of Agriculture 

INTRODUCTION 

It is w(‘ll known that hiodioniical reactions take place in buffered 
media and that minor changes in hydrogen-ion concentration can 
affect profoundly the course of reactions. Jn the blood of man a varia- 
tion of mor(‘ than ±0.1 pH from the normal 7.4 is considered patho- 
logical, and a change greater than ±0.4 pH is usually fatal. The 
pH of the blood is maintaim^d within these narrow limits by a system 
of buffers whose action is well understood. The buffer effect of the 
various constituents of the blood, as well as its buffer capacity 
und(‘r both normal and pathological conditions, has been studied by 
Pet (M’S and Van Slyke and otlu^rs, 

Th(‘ blood of several marine invertebrates has also been found to 
be w(‘ll buff ered. R(h 1 field et al. {16) summarized the early work in this 
fudd and showi'd that lunnocyanin was the main buffer in the blood 
of LimnluK poJyphemm. 

Th(‘ buffer capacity of the blood of only a few ins(H*ts seems to have 
be(Mi inv(*stigat('d, but the blood of those studied is wtII buffered. 

The limits wdthin which the pH of ins(‘ct hood can range without 
resulting in the death of the insect appear not to have becMi deter- 
miiuMl. The variation from sp(‘ci('s to species and between indi- 
viduals of the .same* sp('ci('s, however, is rather large. The pH of 
the blood of several speci(*s, as determined by Kocian and §pa6ek 
(10), Bodine (1^), Ludwig (11), Babers (1), and otlu'rs, varied be- 
tw(»en 0.0 and 7.3. Kocian and Spafek found that in the same 
spcH’ies the blood from individual insects might vary as much as 
0.4 pH. 

The blood of Dytificun margi Halts L. was alkaline to litmus, according 
to Barratt and Arnold (2), and remained so when an equal volume of 
0.03 N hydrochloric acid was added, but it became acid when an 
equal volume of 0.1 N acid was used. The same authors found the 
blood of Jlylrophilus ptceus (L.) to be alkaline to litmus but neutral 
wdien an equal volume of 0.025 N acid was added. Craig and Clark 
(7) titrat(Ml the blood of Pieris rapae L. and Heliothis armigera (Hbn.) 
(//. obsoleta (F.))^ with 0.1 N acid and alkali and determined the 
buffer capacity of the two bloods. These authors give the pH of the 
blood of jr . rapae larvae as 7. 1 7. This value is of interest because of the 
relative scarcity of reports of alkaline insect blood, and also because 

> Hect'ived for publication March 5. 1941. 
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Fink (5), using colorimc'tric methods, found the blood of this larva 
to vary between pH 6.2 and 6.4. Using the glass electrode, the present 
writer has found (unpublished results) the average pH of the blood 
of this insect to be 6.52. Breeher (5) found th(» blood of P, brassicae 
(L.) to be well buffered. She attributed the buffering power to 
phosphates, which she found to be present in ().()2-molar concentra- 
tion. Duval and Fortier (5), using a number of species, found the 
hvdrogen-ion concentration of the blood to be very stable. They 
also attributed the buffering power to the presence of phosphates. 
The blood of Bombyx mori L. had an acidity equivalent to 0.46 gm. of 
oxalic, acid per 100 cc. when Nazari (IS) titrated samples to phenol- 
phthalcin with 0.1 N potassium hydroxide. 

At the present time large numbers of the soutlnu-ii arinyworm 
(Prodenia eridania (Cram.)) are being used in various jdiysiological 
and toxicological investigations. A knowledge of the buffer capacity 
of the blood of the larvae of this insect and tin' (‘ffect of nicotine 
vapor on its blood pH has become desirable.-s^The present report is 
the result of such a study. 

MATERIALS AND METHODS 

Mature, actively feeding sixth instars that had bc'en rc'ared in 
greenhouse cages on turnip and collard foliage W(*r(» used. Blood was 
collected by snipping a proleg while it was held under mineral oil. By 
this treatment loss of carbon dioxide was held at a minimum, and the 
darkening of the blood that occurs on exposure to air was greatly 
retarded. When unfixed blood was used in this manner the cells 
coagulated rapidly, but it was thought that more drastic* changes 
might occur if heat-fixed blood were used. Hydrogen-ion determina- 
tions were made on pooled samnles of definite volume by tin' use of a 
small, ordinary bulb-type glass electrode in connection with a saturated 
calomel half-c(‘ll. The pH was read directly from a calibrated poten- 
tiometer dial after a zero reading had been obtained by the use* of a 
standard buffer; the dial could be read to about ±0.02 pH. wSmall 
increments of acid or alkali were added from a microburt'tto, and the 
resulting pH was read. Titration curves were plottc'd in which tin' 
molar conc('ntration of acid or alkali was the ordinate and the corre- 
sponding pH the abscissa. 

The buffer capacity, /S, is defined by Van vSlyke (17) as the ‘^dif- 
ferential ratio (IB/dpH, expressing the relation b('tw('en the incre- 
ment (in gram-equivalents per liter) of strong base B added to a 
buffer solution and the resultant increment in pH. Jncrem('nt of 
strong acid is equivalent to a negative incn'inent of base, or — dB.^^ 
Smee th(' increment of pH obtained wdien acid is added is also negative, 
the value is alvrays positive. If sufficiently small increments of 
alkali are used, can l)c calculated directly. However, since /3 is 
equal to the tangent of the titration curve at the corresponding pH, 
it is usually more ‘convenient to obtain it in this manner, and this 
method was used in the determinations. Theoretical discussions of 
buffers and buffer capacities are given by Van Slyke (17), Peters and 
Van Slyke (14), and Clark (6). 

The carbon dioxide content was determined both on pooled samples 
and on the blood of individual larvae by the manometric method of 
Van Slyke and Neill (18) as described by Peters and Van Slyke (16). 
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RESULTS 

Tlie pH of th(» blood as drawn under oil varied between 6.50 and 
6.75, with an averap;e of 6.65. A composite titration curve from 
(lie several exp(*rim('nts is shown in figure 1. The bufl*er-capa.city 
curv(‘ in 2 was obtained by plotting the several values of 



Figure J.-~ Titration curve for the hemolymph of sixth-iustar southern 

army worms. 

obtained from the titration curve against the corresponding pH value. 
The total carbon dioxide content of the blood as drawn varied between 
8.40 and 13.45 volumes percent, wuth a mean of 10.03, for 10 analyses, 
or about 4.51 millimoles per liter. 
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Bishop (S) has found the dissociation constant, pK', for the blood 
of honeybee larva to be 6.1, the same value as that given by Peters 
and Van Slyke for human serum. If this value holds for the blood 
of the southern armyworm, the ratio of bicarbonate to carbonate as 
obtained from the Henderson-Hasselbalch (J4) equation 

(!) pH=pK'+log 

ranges from 3.55 to 1. 



The solubility coefficient, a, of carbon dioxide in human serum 
at 38® C. is 0,92 times that of water. If the same ratio bolds for 
larval blood, « at 25® will be 0.695. From the Henderson-Hassel- 
balcli equation in the forms 

(2) > mM[HjCX)3]=0.0591ap 

(3) mM[BHCO3l=[CO2]-0.0591ap 

__ (COd 

^ ^**0.059 la(l0P®-'’*'+ 1) 
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the carbonic acid content of the larval blood as drawn is 0.99 millimole 
per liter, the bicarbonate content is 3.52 millimoles per liter, and 
the carbon dioxide tension {p) is 24.2 mm. of mercury. 

The late instars of the southern armyworm have been found by 
Richardson^ to be very resistant to nicotine. Sixth instars were 
therefore kept for 24 hours at room temperature in an atmosphere 
saturated with nicotine. The larvae, still alive although motionless, 
were then carefully washed with distilled water, the blood was removed 
in the usual manner, and its pH determined. Although nicotme is a 
strong base, having a dissociation constant of 9X10~^ the pH of the 
blood was still its normal 6.65. Efforts wctc made to determine tlie 
amount of nicotine in the blood, but they were not entirely successful. 
The blood was made slightly alkaline wlih sodium hydroxide and 
distilled. The distillate had a distinct odor of nicotine, but the color 
obtained aftcu* treatment with Markwood’s (12) reagents could not 
b(‘ matched directly with that of a nicotine standard. Sin(‘e ammonia 
interferes with this test, the difficulty was probably due to the presence 
of ammonia, which was formed during the distillation from the urea 
and uric acid normally present in the blood. A match in colors w^as 
finally obtained by use of a Wratten 8 No. 58 filter, but too much faith 
cannot be placed in the quantitative nature of the result. By this 
method the blood contained 7.15 mg. of nicotine alkaloid per 100 ml. 

DISCUSSION 

Since most metabolic waste products of animal origin are acid, one 
w'ould expect the blood to be buffered mainly on the acid side. In the 
bloods that have been studied this has been found to be true. 

The buffering power of human blood is due mainly to the alkaline 
salts of the proteins, hemoglobin being the most efficient, and to the 
bicarbonates. For the neutralization of volatile acids such as car- 
bonic, hemoglobin is the most efficient because of its buffering action. 
For tile neutralization of nonvolatile acids such as jS-hydroxybutyric 
the bicarbonates are effective, not because of a true buffer action, but 
becaus(‘ of the efficiency of the lungs in removing the carbon dioxide 
that is liberated. 

Since the buffer capacity is dependent on the concentration of the 
buffer material, the inorganic phosphates play only a minor role in 
the buffer system of human blood. Only 3 to 4 mg. of inorganic 
phosphorus is present per 100 ml. of blood, corresponding to about 
a 0,001-molar solution, and it has been found that normally blood 
can neutralize about 28 ml. of normal acid per liter within the physio- 
logical range. 

At its average nonnal pH of 6.65 the blood of the southern army- 
worm has a buffer capacity of 0.022, which is approximately equivalent 
to a 0.038-molar solution and compares with the buffer capacity of 
0.0228 for human blood at pH 7.4, as reported by Van Slyke (J7), 

In the insects whose buffer systems liave been studied hemoglobin 
and hemocyanin do not occur; the buffering power of the blood is 
therefore due to an entirely different system from that of man and 
the marine invertebrates. The carbon dioxide content of human 
blood is between 45 and 60 volumes percent, about 95 percent of 


* Unpublished manuscript 
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which is combined as bicariwnatc. In insects the total carbon dioxide 
content is much lower, the bloo<l of the southern armywonn contain- 
ing only about 10 volumes percent, which corresponds to approxi- 
mately 4.5 millimoles per liter, 3.52 millimoles, or 78 percent, of which 
is in the form of bicarbonate. Because of the small amount present 
it seems unlikely that bicarbonates are as active as buffers as they 
are in the higher animals. They do probably play some part, how- 
ever. In the honeybee, where the average carbon dio.vide content of 
the blood was found by Bishop (3) to bo 29.2 volumes percent, tlie 
bicarbonat(‘S may play a more importaiit role. 

That compounds other than the salts of the weak acids are respon- 
sible for a considerabh^ part of the buffering power of the blood of the 
insect is apparent from a consiiieration of the figures obtained by 
chemical analysis (/). f)f the acids whose salts might act as buffers, 
inorganic phosphorus was 0.0056 molar, uric acid 0.00088 molar, and 
bicarbonates 0.00352 molar, a total e(jual to about a O.Ol-inolar solu- 
tion. It must be noted, however, that the most effective buffer range 
of the salts of these acids is very near the normal pH of the insect 
blood. Van Slvke {17) has shown that the maximum buffer effect is 
exerted when pH=pK'. For the phosphates, urates, and bicarlwnates 
these points are 6.8, 5.64, and 6.1, respectively. 

It has been shown {14, p. 892), however, that, in addition to th(> 
inorganic phosphates, certain phosphorus-containing organic com- 
pounds also act as buffers in human blood. It is therefore j)robable 
that at least part of the organic phosphorus in armywonn blood is 
likewise available. This would, of course, reduce the buff(>ring power 
unaccounted for, because the larval blood contains about 105 mg. of 
organic phosphorus per 100 ml., or about 0.034 mole per liter. 

In human blood the content of the amino acids is so low that their 
slight buffering effect is exerted far from the neutral point. In insect 
blood, however, the amino acids are present in large quantiti(‘s; the 
so\jtheni armyworm larval blood, for instance, contains 2.352 gm. 
of amino nitrogen per liter, which corresponds to about a 0.16-molar 
solution of amino acids. It is probable, therefore, that salts of amino 
acids and salts of proteins also play a consid(‘i'able part in the buffering 
system of the insect’s blood. 

It is probable that in insects diffusion will account for both the 
intake of oxygen and the elimination' of carbon dio.xide. The insect 
possesses a circulatory system by which the hemolymph is kept in 
circulation, but so far as is known no experiments have been made 
that would show a difference in composition at any stage of the cir- 
culatory process. In man the reaction of the blood is dependent on 
the BHCO3/H2CO3 ratio, which in turn is determined by the ratio of 
carbon dio.xide production to elimination, while the BHCO3 concen- 
tration depends on the amount of alkali in the body that is not com- 
bined with acids other than carbonic. The alkalinity of the blood as 
shown by the pH is a measure of the efficiency of the system, a low 
pH being direct evidence of the impairment of efficiency. It also 
seems probable that the low pH of insects’ blood, being usually far 
on the acid side, is due, in some part at least, to inefficiency in the^ 
carbon dioxide excretoiy mechamsm. 
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SUMMARY 

The buffer capacity of the blood of sixth instars of the southern 
armyworm {Frodenia erldahia (Cram.)) has boc'ii determined from 
titration curvt's. Tliis value at pH (3.65, the normal for the blood, is 
0 . 022 . 

The total carbon dioxide content of freshly drawn blood is 10.01^ 
volumes pc'rcent, corn^sponding to 4.51 millimoles per liter. Of this, 
3.52 millimoles is combined as bicarbonatt* and 0.99 millimole as 
carbonic acid. 

Blood from larvae kept in an atmosphere saturated with nicotine for 
24 hours did not change in pH, although the blood had absorbed 
considerable nicotine. 

Th<‘ buff(‘ring powca* of tlu^ blood is probably du(‘ to th(‘ presenc(* of 
bicarbonates, phosphates, urates, and the* salts of the proteins, Tlu* 
phosi)horus-containing organic compounds and the amino acids also 
I)robably play an important role in the buff(‘r system. 
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SURVIVAL AND DEVELOPMENT AT LOW TEMPERA- 
TURES OF EGGS AND PREINFECTIVE LARVAE OF 
HORSE STRONGYLES ‘ 


By John T. Ldckek 

Asxociate zoologist, Zoological Division, Bureau of Animal Industry, United States 

Department of Agriculture 


INTRODUCTION 

The preparasitic, or free-living phase, of the life cycle of the 
strongylid nenniatodcs parasitic in horses includes the egg, the first- 
and second-stage preinfective larvae, and the ensheathed or infective 
larva. Among strongyles generally, these stages are vulnerable to 
the effects of environmental factors. Temperature, moisture, and 
sunlight are generally considered to be the most important natural 
influences affecting the survival and development of nematode eggs 
and lars^ae. 

Studies in which the effects of but a single factor of the environ- 
mental complex are investigated eitlier in laborjitoiy or outdoor 
experiments have been criticized as academic and of doubtful prac- 
tical significance, since in nature the various elements of the complex 
ordinarily function simultaneously as determinante of the survival 
and development of eggs and larvae. Field studies in which tlie effect 
of the environment as a whole may be determined arc undoubtedly 
of great value. However, the results of such studies have validity 
under identical or very similar conditions only. Even in the same 
locality meteorological conditions rarely or never are duplicated from 
year to year. Moreover, by themselves, such studies cannot demon- 
strate which factor or factors in the complex caused the observed 
result or the df^reo to which each participated in the rtsult. Hence, 
both types of investigation apparently have their limitations, and 
the formulation of generalizations, interpretations, and expressions 
of probability, so far as tliat is possible and advisable, should be based 
on ^e information elicited by investigations of both types. 

In all experiments reported in tliis paper, desiccation, excess mois- 
ture, and direct sunlight were eliminate or miniinized as causative 
factors and, consequently, temperature was the principal element in 
the causation of the observed experimental results. 

The specific objectives of the investigation were to determine (1) 
the resistance of tlie eggs and preinfective larvae of horse strongyles 
to subfreezing temperatures; (2) the survival time of these stages at 
a mean temperature of 36“ F., whieh presumably would inhibit 
appreciable cfevelopment; and (3) the survival and development of 
these stages in feces exposed to temperature prevailing during winter 
miH eariy spring in the vicinity of the United States Department of 
Agriculture, B^sville Research Center, Beltsville, Md., where all the 
expmments were conducted in 1938 and 1939. 

1 Received for publication March 22; IPil* 
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The resistance of infective horse strongylc larvae to cold was not 
Studied since, as a result of work by other investigators, it apjpears 
to be well established tliat these larvae can endure very low winter 
tranperatOTes. The observations on infective larvae that are included 
in this paper are, therefore, merely incidental to tlie i)rincipal objec- 
tives. The effects of cold on the eggs and preinfectivo larvae also 
have been investigated by others, but definite information on this 
subject appears to be lackmg. 

REVIEW OF LITERATURE 

Albrecht (ly stated that cold delays the development of horse 
Strongyle eggs but docs not exert an injurious effect on them. Hueber 
(7) reported that the eggs witlistand cold for a long time. De Blieck 
and Baudet (4) found that cold hinders development of the eggs. 
They observed that eggs kept for 12 days at 6° C. did not hatch, hut 
many contained Uving larvae. According to these authors, eggs in 
the morula stage kept at 0° C. for 12 days did not undergo develop- 
ment but retained their vitality. However, when exposed to temper- 
atures ranging from —15° to —20° for 6 hours, all eggs were killed. 
Gacks tatter (6) reported that hard freezing for 15 days of eggs in 
fecal balls, or for 10 days in feces that had been broken up. did not 
reduce the vitality of the eggs but merely arrested their deveWment. 
This author also noted that eggs kept for 10 days at 2° to 3° C. were 
still capable of development. 

According to Enigk (5), uterine eggs on agar cultures were not all 
killed at —8° C. in 45 days, but none developed after 56 davs at this 
temperature. Enigk reported, however, that fresh fecal pellets kept 
at —8° for 55 days yielded several colonies of larvae when the feces 
were cultured. A few small colonies also developed in cultures con- 
sisting of pellets that had been broken up and exposed at this temper- 
ature for 41 days. Wetiel (13) stated that a rather high percentage 
of eggs of Strongylus eguinus tolerated freezing temperatures near 
0° C. for several hours. 

Parnell (5) stated that horse stron^le eggs, before embryonation, 
are very resistant to the extremes of temperature and climate en- 
countered in Canada. He reported t^t the continual low tempera- 
tures of a severe Canadian winter were insufficient to kill“8clerostome” 
eggs, that those temperatures merely inhibited development, and that 
the eggs embryonated and hatched normally in the spring. He also 
stated that embryonated eggs arc much less resistant and arc rela- 
tively easily killed. He gave no experimental basis for these statements 
but later (10) described an experiment in which feces containing eggs 
and feces containing other free-living stages were exposed to winter 
teniperatures on Montrea.1 Island for 3K months, apparently from 
pecjsmbcr 3, 1934, to April 1, 1935. The average mean temperature 
ip, ‘that vicinity is rivep as —15° C. in January; daily fluctuations in 
teraperature may be considerable. Cultures prepared in the spring 
from the feces that had originally contained unembryonated eggs 
yielded infective larvae. The experiment was interpreted in part as 
mdioating the great resistance of the eggs to cold. 

Baker, Salisbuiy , and Britton (3) reported recently that in an experi- 
apeptM-th e vicinity of Ithaca, N. Y., overwintering of horse stroiigylc 

;; parentheses refer to Literatore Cited, p. 217. 
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eggs on pasture was apparently lethal to 68 percent of these eggs in 
manure deposited normally and to 100 percent of the eggs in feces 
spread in a thin layer. 

Observations on the survival of preinfective horse strongylc larvae 
at low temperatures are scant. De Blieck and Baudet (4) found that 
all newly hatched rhabditiform larvae placed in water and exposed 
at —15^ io —20® C. were killed in 6 hours. Wetzel (13) stated that a 
rather high percentage of preinfective larvae of Strongylus eguinvs 
tolerated frf'ezing temperatures near 0® C. for several hours. Parnell (9) 
stated that th(' free-heeding larval stages are much less resistant than 
the eggs and are relatively easily killed. Later, on the basis of the 
experiment already mentioned, he (10) repeated this statement, 

Parnell (9) also stated that frequent alternate freezing and thawing 
can be relied on to kill the free-living stages of horsci strongyles. His 
previously mentioned expcTiment (10) was interpreted as indicating 
the susceptibility of all free-living stages of these parasites to violent 
and frequent fluctuations in temperature. Similar but somewhat 
more specific views were expressed by Britton (3) in a summary of 
the work of several investigat^ors on the fa(*tors affecting the viability 
and development of free-living stages of horst‘, strongyles. He stated 
that alternate freezing and thawing (*an be relied upon to kill all 
prcparasitic stages providing the thaw does not last longer than two 
weeks/' and ^Muring a thaw many eggs which are lying donnant on 
the field will hatch and the preinfective stages develop slowly and if 
the thaw is followed by freezing temperatures these forms will be 
killed as th(\y are susceptible to these temperatures." Examination 
of th(' papers enumerated by Britton in connection with his summary 
has faih'd to reveal the exa(‘t counterpart of these statements. Th(*y 
represent in part his iiiterpretation of the literature that he reviewed, 

Wc'lzel (13) stati'd that an analysis of temperature data for a 30- 
year period sliow(*d that at Hanover, Germany, development of in- 
fective' larvae of Strongijlus equiuus in the o])en seems possible from 
about the middle of March until the middle of November in a normal 
year. 

To summarize, it has bee'n shown in laboratory expc'riments that 
horse strongylc eggs are moderately resistant to subfrec'zing tempera- 
tures, but the degree of their resistance has not been defined precisely. 
The results of one of the two reported outdoor experiments on the 
effects of cold on the eggs appear to be inconsistent with the laboratoiy 
findings. Precise information as to the ability of the preinfective 
larvae to withstand freezing is lacking. It is known that these larvae 
are less resistant than the eggs, but the available evidence does not 
permit a more exact comparison. The ability of eggs and preinf (ac- 
tive larvae to survive at temperatures slightly above the freezing 
point scarcely has been explored. The literature contains statements 
as to the susceptibility of all free-living stages to alternate freezing 
and thawing and to violent fluctuations in winter temperatures, but, 
in the writer's opinion, these statements rest on inference rather than 
on conclusive experimental evidence so far as the effects of these 
changes on eggs and preinfective larvae are concerned. 

METHODS AND PROCEDURE 

The feces used in this investigation, which included both labomtory 
and outdoor experiments, contained the free-living stages of specif 
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of Sirongylus and of the subfamily Cyathostominae, the latter pre- 
dominating. It was not determined whether the free-living stages of 
these two closely related systematic groups react differently to low 
temperatures. The experimental results apply to the free-living 
st^es of horse stron^les in general. 

The feces used in ml experiments were collected 2 hours or less after 
being passed. Feces collected from several horses were used in the 
investigation. However, only feces from the same collection and 
from one horse were used for the cultures of an individual experiment. 
In some cases feces of a single collection from one horse were used in 
more than one experiment. Immediately after collection, the fecal 
pellets were broken up, and weighed portions of the well-mixed fecal 
mass were placed in wide-mouthed glass bottles or jars. 

In all experiments involving the exposure of eggs, the bottles con- 
taining the feces to serve as control cultures were immediati'ly covered 
with glass lids, and after they had been kept for a week or more at 
room temperature (65°-85® F.), the feces were examined for infective 
larvae. 

In the laboratory experiments the following procedure was used: 
To test the resistance of unembryonated eggs to subfreezing tempera- 
tures, the test bottles were corked, as a rule, and immediately placed 
in the freezing compartment of an electric household refrigerator. 
Exceptionally, glass lids were used to cover bottles during exposure. 
Following the desired exposure, the bottles were removed from the 
freezer and kept at room temperature for a week or more before the 
feces were examined for infective larvae. If the bottles had been 
corkexl during exposure, glass lids were substituted for the corks wlnni 
the bottles were removed from the freezer. 

To test the effect of embryonation on the resistance of the eggs to 
subfreezing temperatures, the procedure was essentiallv the same as in 
the exjjerunents with the unembryonated eggs. For purposes of 
comparison, bottles of one series were immediately corked and placed 
in the freezer and bottles of a second series were covered with glass 
lids and kept at room temperature long enough to permit the eggs to 
embryonate. They were then corked and placed in the freezer. 

To test the effect, on the eggs, of continuous exposure to a mean 
temperature of about 36° F., the test bottles were covered with glass 
lids and placed in a large cooler, the temperature of which was regu- 
lated with a thermostat. From time to time, as was necessary, 
water was added to each bottle to keep the feces moist. When, after 
exposure, the bottles were removed from the cooler they were kept at 
room temperature for at least a week before the feces were examined for 
infective larvae. 

The procedures involved in determining the effects of repeated freez- 
ing and thawing were somewhat complicated and conseqiiently are 
best shown in connection with the results. However, as m the pro- 
cedures already described, the test bottles were corked while in the 
freezer but were covered with glass lids when they were removed for 
exposure to room temperature. 

In experiments in which feces containing unembryonated eggs were 
placed outdoors to observe the effects of winter temperatures on the 
free-living stages, the test bottles were covered with glass lids at all 
l^ppies. The number of eggs per gram of the fresh mixed feces used for 
the preparation of cultures was determined. At intervals two or 
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three of the test bottles were brought indoors after identical exposure. 
When the bottles were brought into the laboratory, usually the egg 
count per gram of exposed feces, and invariably the number of larvae 
per culture, were determined. One bottle was kept at room tempera- 
ture at least 1 week, and the feces were then examined for infective 
larvae. 

In both the laboratory and outdoor experiments to test the effects 
of cold on preinfcctive larvae, the bottles containing the feces were 
covered with glass lids and kept at room temperature long enough to 
permit the desired stage to develop. The test cultures were then 
exposed, and the control cultures were immediately examined for 
larvae unless otherwise indicated in the tables. For exposure of 
preinfcctive larvae to subfreezirig temperatures or to a mean tempera- 
ture of about 36° F., other procedure was the same as in the respective 
experiments with eggs, except that the test cultures were examined 
only for surviving larvae immediately on removal from the freezer or 
cooler, unless otherwise indicated in the tables. At various intervals 
during the outdoor experiment, two identically exposed cultures 
usually were brought into the laboratory at a time. One was examined 
immediately for larvae and the other Jor infective larvae after it had 
been kept at room temperature for about a week. 

To determine the temperatures to which feces were exposed in the 
freezing experiments, a maximum and minimum recording thermom- 
eter was kept in the compartment, as a rule. The temperature range 
was noted whenever cultures were removed from the freezer and the 
indices were reset. In some experiments, laboratory thermometers 
were kept in the compartment and the temperature was noted at fre- 
quent intervals. These thermometers and the metal back of the maxi- 
mum and minimum thermometer were in contact with the metal coil 
in which the refrigerant circulated or with a thin layer of ice covering 
the coil. The bottoms and sometimes the sides of the bottles contain- 
ing tlie feces were in contact with the same surface. The actual tem- 
perature of the feces was judged to be similar to that registered by the 
thermometers. It was noted, however, that the temperature of the 
air in the compartment was somewhat above that recorded by ther- 
mometers placed as has been described. A thermometer connected 
with the thermostat was frequently read to determine the variation in 
the temperature of the cooler. 

A maximum and minimum thennometer was kept at the site of each 
outdoor experiment. The temperature range was noted each time 
that cultures were brought into the laboratory and the indices were 
reset. 

The bottles involved in outdoor experiments, as well as the ther- 
mometer used to record temperatures, were in the shade at all times. 
Thus the feces were protected from direct sunlight. Since the bottles 
were covered, the feces were also protected from wetting by snow or 
rain and from appreciable desiccation. The possible inimical influ- 
ences, therefore, so far as survival and development of the eggs and 
larvae are concerned, \eere largely limited to low temperatures and 
natural fluctuations in temperature. 

The Baermann isolation apparatus w^as used throughout this 
investigation for the recovery of preinfcctive and infective larvae from 
feces. As noted elsewhere, in most experiments involving recovery 
of preinfcctive larvae, a piece of silk bolting cloth was placed on the 
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screen to reduce the passive descent of fecal particles and dead larvae. 
Fluid was not withdrawn from the hose for at least 48 hours after the 
feces had been placed on the screen. Usually the period that elapsed 
was much longer. Descent of larvae into tne stem of the funnel of 
the Baermann apparatus was the criterion of their viability. Most of 
the preinfective larvae were dead when the fluid was examined as 
these larvae usually live only a short time in water, even under 
favorable conditions. Successive withdrawals of fluid from the rubber 
hose attached to the stem of the funnel were continued until samples 
were found to be negative for larvae when inspected under the binoc- 
ular microscope. Fdlowing a process of sedimentation and contrif- 
iigation, the larvae recovered were concentrated in a small volume of 
water and counted. The coimts were direct or by means of a dilution 
method, depending on the abundance of the larvae. A dilution 
technique was used in making egg counts. 

In certain experiments it was necessary to determine the develop- 
mental stages of the larvae recovered from cultures or to count pre- 
infective and infective larvae differentially. As already indicated, 
most preinfective larvae died after remaining in contact with the fluid 
in the Baermann apparatus for 48 houi-s. Third-stage larvae, on the 
other hand, survived, very much longer. Therefore, in general all 
larvae that were dead or partly disintegrated at the time of examina- 
tion were counted as preinfective and all that were alive and of normal 
appearance were counted as third stage. However, the size, gc^neral 
appearance, and structure of the larvae were also used in differentiat- 
ing them. These criteria were likewise used in distinguishing the 
various stages of development among preinfective larvae — the first 
stage, second stage, or second cedysis. The appearance and organiza- 
tion of the intestine were used to differentiate partly developed from 
fully developed third-stage larvae, but if there was any doubt as to 
whether a larva should be considered infective or preinfective, it was 
classified as infective. 

In the examination of some cultures, after the usual differential 
count with the dissecting microscope had been completed, 0.075 cc. 
of a suspension of the larvae was also examined under a compound 
microscope and a second differential count of the larvae was made. 
Sometimes the larvae were treated wilii an iodine solution to aid in 
determining their morphological status. Usually the total number 
of larvae recovered from the culture was then calculated from the 
results of the first count under the dissecting microscope and the 
numbers or percentages of larvae in the various developmental stages 
were calculated from the differential counts obtained by using the 
compound microscope. The detailed results of these examinations 
are too voluminous for inclusion with the experimental data. Unless 
otherwise indicated in the text or tables, all figures given in connection 
with experiments on preinfective larvae are based on differential 
counts obtained with ^ho dissecting microscope only. 

LABORATORY EXPERIMENTS WITH EGGS 

EFFECT ON SURVIVAL OF UNEMBRYONATBD EGGS OF CONTINUOUS EXPOSURE TO 
SUBFREEZING TEMPERATURES AND TO A MEAN TEMPERATURE OF 86® F* 

As shown in table 1, in experiment 1 a small percentage of unem- 
bijyonated eggs in a culture continuously frozen for 49 days were still 
alive, but in experiment 2 all eggs in cultures frozen for 48 days or 
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longer were dead. A small percentage of eggs in feces frozen for 82 
days were still alive in experiment 3. 

Tablk I.- "Survival of vnernhryonated horse strongyle eggs in feces continuously 
exposed f for indicated periods, to suhfreezing temperatures and to a mean tempera- 
ture of ahont F. 


Experiment No. 


1 .. 


2 . 


3 


4 


Culture 

No. 

Weight 
of feces 

Period of 
exposure 

Approxi- 
mate range 
of ten 4 )era- 
turas at 
which cul- 
tures were 
exposed 

Estimated 
mean tem- 
perature of 
entire ex- 
posure 
l>eriod 

Infective 
larvae re- 
covered 

Apparent 
survival * 

I 

Gramn 

Days 

®F. 


Number 

Percent 



7 

14-30 

1 

( 17,700 

92.9 

2 


14 

14-30 

1 

1 3.070 

16.1 

! 3 


21 

14-30 

\ 21 

\ 7, 150 

37.5 

1 4 


42 

14-30 

1 

5. 750 

30 2 

i 


2 49 

14-30 

) 

1 1,110 

5.8 



7 

34-37 

1 

{ 3. 660 

19.2 

i\ 7 


14 

34-37 

1 

1 12. 520 

6.5.7 

1 « 


21 

34 37 

[ 36 

{ 9. 850 

51.7 

i ^ 


62 

34-37 

1 

8.000 

42.0 

10 


140 

34 37 

1 

1 1,0.50 

5 5 

1 11 


C) 

. -- 



28,300 


jl 12 


. (3‘ 



9.800 




48 

14-23 

i 


0 

! 2 


54 

14-23 


1 

0 

1 3 


61 

H-23 



0 

!i 4 


68 

14-23 

) 

1 0 

0 

i ^ 


C) 




61, (MX) 


1 


0) 


. 

52. 2»H) 


7 


0) 



67, 0(H) 




(b 



51,600 


1 


14 

'i6-3(V 


2. 500 

8.7 

2 


24 

10 30 


2,0.50 

7.2 

3 


31 

8-:?o 


440 

1.5 

4 


40 

7 30 

> 14 

860 

3 0 

5 


56 

6-:)0 


735 

2 6 

fi 


f»8 

6-30 


2.50 

.9 

7 


82 

<)-;io 


500 

1.7 

8 


24 

34-37 


1, 67.5 

5.8 


• 35 

45 

« 34-44 


7.50 

2.6 

10 


68 

<34-44 


3. 850 

13 4 

11 


96 

5 34-50 

1 36 

1,000 

3.5 

12 


114 

4 34-50 


1,200 

4.2 

13 


153 

• 34-50 


22.5 

.8 

14 


195 

« 34-50 


135 

.5 

15 


(*) 



25,200 


Irt 


C) 



31. 200 1 


17 


( 3 ) 



29.500 i 


1 


29 

34 37 


4, 400 

46.7 

2 


84 

’ 34-46 


400 

4 2 

3 


99 

’34-46 


2.50 

2.7 

4 


126 

’ 34-46 I 

iMI 

18.5 

2 0 

5 


155 

’ 34-46 ' 


38 

.4 

6 


169 

’ 34-46 i 


34 

.4 

7 

1 30 ( 

C) 

1 


17,000 



8 


(*) 



1,280 


» 


(’) 



13, 250 


10 


(») 



9,400 


It 


0) 



2,000 



12 , 


h 



1 

13,600 




> Based on the average number of infective larvae recovered from the control cultures, 

' Actually 50 days, but the culture bad thawed beginning about 24 hours earlier owing to an interruption 
in electrical service. 

* Control; unexposed. 

* Maximum attained in the course of an 18-hour period beginning on the 28th day of exposure. 

* Maximum attained in the course of a 5-day period beginning on the 69th day, but 43® F. was exceeded 
during only a brief part of this period; also subjected to maximum as shown in footnote 4 for cultures 9 and 10* 

* Subiected to maximum of 42® F. on the 123d day of exposure and of 46® on the 129th day, each being re- 
corded in the course of intervals of not morothan 18 hours; also subjected to maxima as shown in footnote 6 
for cultures 11 and 12. 

7 Maximum attained in the course of an 18-hour period beginning on the 69th day of exposure. 


Cultures containing unembiyonated eggs were also subjected to 
continuous freezing in connection with the experiments report^ in 
tables 2 and 4. A small percentage of eggs in a culture frozen for 97 
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days yeilded infective larvae, as shown in table 2. In the experiment 
reported in table 4, about 28 days was the maximum exposure and, 
as in all other experiments, an exposure of this duration was not 
lethal to all eggs. 

The proportion of eggs suiwiving roughly comparabb^. periods of 
exposure in these five experiments varied widely, as is indicated by the 
relationships between the number of infective larvae recovered from 
expos(Hl and control cultures. One factor contributing to this result 
probably was variation in the total numb(T of eggs in the feces com- 
prising the cultures of each experiment. This is regarded as a principal 
cause of the wide variation in the number of infective larvae recovered 
from the various control ciilturc^s of some of the experiments. Dif- 
ference in extreme and mean temperatures of exposure probably was 
an additional factor in determining the proportion of eggs surviving in 
comparably exposed test cultures. 

The experiments were*, therefore, of limited quantitative valuta 
They d(*finitely showed, liowever, that continuous exposure to sub- 
freezing temperatures ultimately exerted a pronounced lethal effect 
on imembryonated eggs. That only a small proportion of eggs, or 
none at all, survived exposures of about 7 to 8 weeks at a mean tem- 
pera tun^ of about 14° to 21® F., is also a warranted conclusion. That 
at a given range of subfreezing temperature the number of sundving 
eggs decreased gradually as the duration of exposun^ increased, is 
strongly suggested hy the data of these experiments as a whole. 

In the (xperiments involving exposure of unembryonated eggs in 
feces to a mean temperature oi about 36° F., v('ry largo proportions 
were killed by prolonged exposure, as shown in table 1. A small pro- 
portion surwived an exposure of 195 days in one experiment. In the 
remaining two experiments the maximum periods of exposure W(*re 
140 and 169 days, and these exposures also did not kill all the (^ggs. 
In two of the three experiments, about one-half of the eggs were still 
alive after being kept at about 36° for 3 to 4 weeks. In general, the 
data strongly suggest that decrease in the number of viable eggs and 
increase in duration of exposure were related. But be cause of varia- 
bility in results, the experiments do not warrant quantitative conclu- 
sions with respect to the rate of devitalization of the eggs. 

EFFECT OF EMBRYONATION ON RESISTANCE OF EGGS TO SUBFREEZING 

TEMPERATURES 

Embry onated eggs were much more readily killed than urumibry- 
onated eggs in feces exposed to the same range of subfreezing tempera- 
tures (7° to 32° F.), as shown in table 2. That cultures 7 to 12, after 
incubation in the laboratory for 19 hours, contained mainly embry- 
onated eggs when exposed was shown by examination of an identically 
incubated culture of tlie same lot. Four grams of feces was removed 
from this culture for an egg count. From the remaining 26 gm. only 
about 500 preinfectiye larvae were recovered. The egg count showed 
that the feces contained about 900 eggs per gram, that a majority of 
the eggs contained larvae, and that many of the remaining eggs were 
in the tadpole stage of development. Since there was a small residue 
of segmenting eggs in the feces, these unembryonated eggs probably 
were the source of many of tlie infective larvae recovered from cul- 
pwm 7 to 12 after the latter had been exposed and incubated at room 
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temperature. The experiment does not permit a conclusion as to the 
absolute resistance of the embryonated eg{?s. 

Table 2. — Comparison of the survival of unamhryonated and embryonated eggs in 
30-gm, fecal cultures continuously exposed^ for indicated intervals^ to suhfreezing 
temperatures 


CULTURES CONTAINING ONLY UNEMBKYONATED EGGS (10- TO G4-CELL STAGES) 


Culture No. 

Period of 
exposure 

i Approximate 
range of tem- 
IH*ratures at 
which cul- 
tures were 
exposed i 

Infective 

larvae 

recovered 

Apparent 

survival* 


Jlayt 

°F. 

Number 

Percent 

1 . . - . * .... 

n 

9-26 

2,950 

31.3 

2 

29 

7-2G i 

725 

7.7 

3 

34 

7-26 

2, 370 

25.2 

4 . ..... . . 

47 

7-32 

850 

9.0 

fi. . . .. 

m 

7-32 

ZiO 

2.4 

0 

97 1 

7 32 

i 

34 

.4 


CULTURES CONTAINING MAINLY EMBRYONATED EGGS* 


7 



! 11 1 

9~26 1 

1,000 

10 6 

8 


_ . 

: 28 1 

7-26 

170 

1 8 

9 




' 33 1 

7-26 

50 

.5 

10 



: 46 i 

7-32 ! 

80 

.8 

11. . 



1 55 

7-32 i 

38 

.4 

12 . 





1 

7-32 

1 

1 

.01 


1 Estimated mean temiH’raiure of entire i»eriod of e\i>osiire, 10'^ F. 

* Based on tiie average niirnlx^r of infective larvae recovered from the control cultures. The control 
cultures for this experiment were the same as for exfieriment 4 in table 1. 

5 See text. 


EFFECT OF ALTERNATE FREEZING AND THAWING OF FECES 

Survival of Unembryonateu Egos at Subfreezing Temperatures 

To determine whether a repetition of the physical changes involved 
in fi’eezing and thawing of feces would affect the resistance of un- 
embryonated eggs to subfreezing temperatures, the various tost 
cultures were frozen, removed from the freezer, thawed at room 
temperature, and frozen again from 3 to 10 times before they w’^ere 
fftially incubated in the laboratory. To prevent appreciable develop- 
ment of the eggs during the periods of thawings, the cultures were 
allowed to remain at room tempei’ature only until all ice crystals 
had melted and the feces had attained their normal consistency. 

Resistance of the eggs to a mean temperature of about 14° F. 
was not retluc^d by repeated freezing and thawing of the feces. This 
fact is indicated by comparison of the number of infective larvae 
recovered from test cultures (table 3) and from those prepared from 
the same lot of feces but continuously frozen at similar temperatures 
(table 2). The mean subfreezing temperature of exposure of the 
series that was alternately frozen and thawed was lower than that 
of the continuously frozen series. 

It was impracticable to determine the actual temperature of the 
feces during the various thawings. However, it is evident from 
the results of the experiment that the procedure employed prevented 
appreciable development of the eggs during these periods, for em- 
bryonation decreases the resistance of the eggs to subfreezing tem- 
peratures, as has been shown previously. 
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Table 3. — Survival of unemhryonated eggs at suhfreezing temperatures as affected 
by repeated freezing and thawing of 30-gm, cultures of feces 


Culture 

No. 

Total 
duration { 
of 

exposure 

to 

Approx- 
imate 
range of 
tempera- 
tures at 
which 
cultures 
were 
ex posed 1 

Times culture.^ 
were— 

Intervals between 
(1) initial exposure 
to freezing and (2) 

[ Total 
time 
cultures 
were at 
room 
temper- 

! 

Period 

cultures 

were 

frozen 

after 

Infective 
larvae 
recovered 
after in- 
cubation 

Appar- 
ent sur- 
vival a 


subfreez- 
ing tem- 
peratures 

Thawed 

Frozen 

thawings 

ature 

for 

thaw- 

ing 

last 

thaw- 

ing 

following 

final 

freezing 


Day9 

12. 75 

®F. 

dumber 

Number 

J>ay9 

Hours 

Days 

Number 

Percent 

1 

14-21 

3 

A 

0.75; 6; 11.5 

6.0 

1 25 

4, 300 

45.6 

2 

28.50 

14-21 

4 

5 

0 76; 6; 11.5; 14.75 

7 6 

13. 75 

3,000 

31.8 

3 

33.50 

10-21 

6 

6 

fO 75; 6; 11 5; 14.75; 
\29. 

fO 75; 6; 11.5; 14.75; 
129; 34. 

fO.76; 6, 11.5; 14.75; 
\29; 34; 47. 

10.75; 6; 11.5; 14.76; 

} 9.0 

4.50 

1,600 

17.0 

4 

40.50 

10-21 

6 

7 

} 10.6 

1 12.0 

12.60 

660 

6.9 

r» 

55. 50 

7-21 

7 

8 

! 8 50 

876 

9.3 

6 

96. 25 

7-21 

10 

11 

{29; 34; 47; 56; 61.5; 
183. 75. 

1 17 5 

12.60 

100 

1 1 


> Estimated mean temperature of entire exposure period, 14® F. 

2 Based on the average number of infective larvae recovered from the control culttirea; the control cul- 
tures for this experiment were the same as for experiment 4 in table 1. 

Potential Yield of Infective Labvab 

As previously reported, embryonatcd eggs were found to be more 
susceptible to subfreezing temperatures than unembryonated eggs. 
In experiments described later, nearly all preinfective larvae were 
killed by subfreezing temperatures in about 4 days and many were 
killed by much briefer exjmsures. These facts suggest that horse 
feces passed outdoors in repons where freezing and thawing alternate 
frequently in winter and early spring are largely “sterilized” during 
these seasons. It would seem that development woujd occur during 
periods of moderate temperatures and that succeeding subfreezing 
temperatures would readily kill the more susceptible stages mentioned. 
However, the degree of development and destruction would be deter- 
mined by the relationships prevailing between the variables of 
temperature and time. 

To obtain more information on 'this point, an experiment was 
performed in which feces originally containing unembryonated eggs 
were alternately frozen and thawed under laboratory conditions. 
This experiment differed from the freezing and thawing experiment 
already described in that the feces not only were thawed at room 
temperature but also were kept in the laboratory long enough to 
permit some development of the free-livii^ stages each tune that the 
cultxires were removed from the freezer. The objective was to obtain 
the greatest possible lethal effect. Although outdoor fluctuations in 
temperature were simulated in the experiment, the transitions from 
subfreezing temperature to temperatures favorable for development 
were more rapid than those that occur in nature. 

The yield of infective larvae from cultmes subjected to repeated 
altmiate freezing and thawing under the conditions of this experiment 
was rt^uced to a very small percentage of their potential ^eld, as 
shown' in table 4, series C. In fact, omture 1 of series C, wmch was 
Irozeo for about 5 days, transferred to room temperature for 2 days, 
and again frozen for 5 days yieMed, on incubation, a negligible number 
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1 Based on tbe average number of infective larvae recovered from the control cultures. 
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of infective larvae. Evidently this culture contained principally 
embryonated eggs when frozen the second time, for culture 1 of series 
A, after also being frozen once and incubated in the laboratory for 
2 days, yielded but a small number of preinfectivo larvae as compared 
with the average number of infective larvae recovered from the un- 
exposed control cultures. Moreover, these preinfective larvae were 
nearly all killed by the second period of freezing, as shown by the 
results obtained for culture 1 of series B. A mw infective larvae 
developed in the actual course of the alternate freezing and thawing 
treatment, as shown by the results obtained with cultures 2, 3, and 4, 
series A. Some of these infective larvae survived the various periods 
of freezing. 

The recovery of comparatively large numbers of larvae from the 
continuously frozen cultures (series D) shows that the development, 
during the thawing periods, of stages more susceptible than the iin- 
embryonated egg was responsible for the far greater lethal effeK^t 
observed in the cultures alternately frozen and thawed. 

The incidental evidence of this experiment on the susceptibility to 
freezing of preinfective and newly developed infective larvae is in 
agreement with the results of later experiments. That this experi- 
ment also provides evidence on the resistance to freezing of unem- 
bryonated eggs has been previously pointed out, 

OUTDOOR EXPERIMENTS WITH EGGS 

Two experiments in which freshly passc'd feces were subjected to 
outdoor temperatures were carried on in the winter of 1938--39. The 
results of the first of these experiments are given in table 6. The egg 
counts on four of the control cultures of this experiment appt^ared to 
show a fairly even distribution of the eggs in the feces from wliich cul- 
tures were prepared. However, the number of infectiv(^ larvae recov- 
ered from four other Control cultures varied widely. i\lso, in the test 
cultures, there was no apparent relationship bctw(‘en the potential 
yield of infective larvae and the duration of exposure. Hence, the 
experiment failed to demonstrate quantitatively that the potential 
ability of the cultures to yiold infective larvae was reduced by exposure 
to outdoor winter and spring temperature's. 

Nevertheless, the following inferences from other data of the experi- 
ment are considered warranted: A few eggs in the feces became em- 
bryonated in the first 12 days of exposure, during which the maximum 
temperature recorded was 46° F., and many became embryonated and 
hatched in the first 22 days of exposure, duriiig which 66° was the 
maximum temperature recorded. Embiyonation was directly ob- 
served. That eggs hatched was indicated by a decrease of more than 
one-third in their number. Since a corresponding number of prein- 
fective larvae was not found in culture 8, examined after 22 days of 
exposure, many larvae evidently were killed soon after hatching. 
Later in the course of the first 56 days of exposure, more eggs appar- 
ently hatched, but only a small number of larvae succeeded in reaching 
the infective stage. Hence, many more preinfective larvae appar- 
^tly were killed during the last 33 days of this period. Thereafter, 
Whm temperatures more favorable for development were attained 
periodically, the number of viable eggs in the feces diminished further, 
and despite frequent alternations between subfreezing and moderate 
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temperatures and rather extensive and rapid fluctuations in tempera- 
ture, preinfective and infective larvae increased in number. The 
developmental process had not been completed when the experiment 
was terminated on April 7, after the feces had been exposed 113 days. 
There was no evidence that unembryonated or embryonated eggs 
were killed in appreciable numbers under the conditions of this 
experiment. 


Table 5. — Survival and development of free-diving stages of horse strongyles in S5- 
gm, cultures of feces containing unembryonated eggs when placed outdoors on 
December 11)^ 193H 
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» Egg counts on 4 control cultures were. 1,370; l.SKO; 1,580, 1,700. AH figures are the average of <x>unts on 
two 4‘gm. samples from each culture. 

* Regarded as batching from embryonated eggs while the feces were in the Baermann apparatas. 

» Approximate, being temperatures recorded 1 mile away (thermometer used in experiment accidentally 
Jarred). 

< 8 gm. of feces had been removed from this culture for egg counts. The actual number of larvae recovered 
from the reminder of the culture was adjusted to the 35'gm. basis, 

4 Unexposed; control. 


The most important facts shown by this experiment are as follows: 
Feces placed outdoors when fresh yielded appreciable niunbers of 
infective larvae in the course of an exposure of about 3K months to 
the fluctuating subfreezing and moderate temperatures prevailing 
in winter and early spring in the vicinity of Beltsville, Md., and 
were still a potential source of additional infective larvae early in 
April. From Januaiy 13 to 21, the cultiyes and the thermometer at 
the site of the experiment were partly or completely with 
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snow. During this time the actual temperatures of exposure im- 
doubtedly did not correspond with air temperatures. At no other 
time during this experiment were more than traces of snow on the 
ground. 

It was observed at the site of the outdoor experiments that air 
temperatures below and above the freezing point often occurred during 
the same day and that sometimes transitions from moderate sub- 
freezing temperatures to those fairly favorable for development took 
place within 6 or 7 hours. The exact frequency of such temperature 
fluctuations was not recorded, however. Daily maximum and mini- 
mum temperatures recorded by ^ instrument located about 1 mile 
from the site of the experiments indicated that subfreezing tempera- 
tures occurred on 8S of the 132 days from December 15, 1938, to 
April 26, 1939, the period that the outdoor experiments were in prog- 
ress. On 77 of these 83 days, thawing temperatures also were re- 
corded. Fluctuations from about 20° or 25° F. to about 50° or 60° 
during December and January and from a little below freezing to 
about 60° or 70° in Februaiy and March occurred several times 
within periods of about 8 to 24 hours. Since the maximum and 
minimum temperatures recorded on the thermograph tended to dif- 
fer somewhat from those observed during the same periods at the 
site of the experiments, the facts mentioned are not admissible as 
data of the experiments. However, they indicate that the experi- 
mental results were obtained in an area where frequent alternations 
of freezing and thawing temperatmes and violent and rapid fluctua- 
tions in temperature were characteristic of the period of the 
experiments. 

In the second experiment, begun 42 days later than the first, the 
outdoor exposure caused a marked reduction by spring in tin' num- 
ber of infective larvae that developed in cultures (table 6) as compan^d 
with the potential yield (controls in table 4). Cultures exposed 90 
days ending April 26, 1939, yielded infective larvae, representing, on 
the average, slightly less than 10 percent of the average number re- 
covered from the six control cultures. Many of the results obtainc'd 
in the first experiment also are applicable to this experiment. An 
appreciable decrease in the number of eggs in the feces took place in 
the initial 13 days of exposure, during, which the maximum tempera- 
ture was only 46° F, That nearly all larvae hatching in this period 
were promptly killed is indicated not only by the failure to find more 
than a few survivors, but also by the fact that the percentage of 
reduction in the potential yield of infective larvae (37 percent) was 
only a little less than the observed decrease in the number of eggs 
(42 percent). 

In the ensuing period of 20 days (from February 8 to 28), charac- 
terized by alternations between temperatures a few degrees below 
freezing and those favorable for moderately rapid development, the 
pot^tial yield of iirfective larvae was stiU more markedly reduced. 
As in the previous experiment, however, some infective larvae devel- 
oped in this period. This was apparently due partly to the fact that 
temperatures remained continuously above the freezing point for con- 
siderable periods and pwtly to the fact that although freezing at 
intervdls killed some preinfective larvae, the temperatures were not 
low enough or suflSciently prolonged to kill all of them. 
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Table 6. — Survival and development of free-living stages of horse strongyles in SO-gm, 
cultures of feces containing unembryonated eggs when placed outdoors on January 
26 , 1939 1 
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1 'Phe control culture.s for this experiment were the same as for the exr>erimont rejiorted in table 4. 

* Except for cultures 1 1 and 12, the data were calculated from the number of larvae recovered from 22 gm. 
of feces after 8 gm. had been n*mo\'ed from the culture for egg counts. 

3 Egg coimts on 4 control cultures were: 800; 900; 1,400; 1,600. All figures arc the average of counts on two 
4*gm. samples from each culture. 

* Approximate, being temperatures recorded 1 mil© away (thermometer used in exfieriraent accidentally 
jarred). 


Tlie experimont provides no definite evidence of pronounced lethal 
action later in the exposure period, but the number of infective larvae 
in the cultures did not reach a maximum until the onset of fairly con- 
tinuous moderate temperatures. The data indicate that some eggs 
were killed in this experiment. Although all the eggs in cultures 3, 5, 
7, and 9 were considered to be dead, the number of infective larvae 
recovered from the comparably exposed cultures 4, 6, 8, and 10, re- 
spectively, exceeded the number of preinfective and infective larvae in 
the former group. 

The cultures of the previous experiment were exposed in part to the 
same conditions that clearly resulted in a reduction in yield of infective 
larvae in the cultures of the present experiment. That a similar result 
was not definitely apparent in the former experiment was probably due 
to uneven distribution of the eggs in the feces comprising the cultures. 

LABORATORY EXPERIMENTS WITH PREINFECTIVE LARVAE 


SURVIVAL OF LARVAE IN EARLY STAGES OF DEVELOPMENT 

Three experiments were performed in which fecal cultures were 
kept at room tempf^rature for 42 to 53 hours before being exposed to 
subfreezing temperatures. All larvae recovered from the control 
cultures placed in the Baermann apparatus when the test cultures were 
exposed were either first stage or second stage. In experiment 1, 
first-stage larvae predominated. In experiments 2 and 3 the two 
stages were about equally represented. 

Considerably more than 90 percent of these preinfective larvae were 
killed in 1.2 to 4 days at a meap temperature of 14°~-2I® F., as shown 
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in table 7. The results of experiment 1 are regarded as less accurate 
than those of experiments 2 and 3, since in examining the cultures of 
the latter two experiments a piece of silk bolting cloth was placed over 
the screen of the Baermann apparatus to minimize the descent of dead 
larvae. Larvae were recovered from cultures exposed much longer 
than 4 days, but this fact is attributed to the presence in the feces of a 
residue of viable eggs. Apparently some of these eggs hatched while 
the feces were in the Baermann apparatus. As shown in table 7, 
culture 1 of experiment 2 yielded only 150 surviving larvae, but when 
cidture 2, which was exposed slightly longer, was incubated in the 
laboratory for a week it yielded more than 1,000 infective larvae. 
This finding indicates that the cultures of this experiment contained 
about 1,000 eggs that had not undergone appreciable development when 
the tost cultures were exposed. It is well known that the development 
of the free-living stages of strongyles does not proceed at precisely 
the same rate in all parts of an ordinary culture, and some viable 
eggs still may be present in a culture that contains infective larvae. 


Table 7. — Survival of preinfective larvae, in early stages of development, in 70-gm. 
cultures of feces continuously exposed to subfreezing temperatures or at about 36^ A 


Experiment No. 

Culture 

No. 
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I P^infeotive unless otherwise noted. 

9 Based on the average number of larvae recovered from the control culturesu 
> Culture placed in Baermann apparatus 18 hours after removiU from freezer* 

9 Infective larvae; culture incubated at room temperature for a week or more before examination* 

9 Actually 26 days, but electrical service was Interrupted on the 25th day and culture had thaw^ when 
it was removed. 

' • Cuitare moistened on 80th day of exposure, 
f Xofective larvae developing during exposure* 

« Unexposed; control, 

in experiment 1, identically incubated cultures were exposed 
to A znAtn temperature of about 36** F. More than 90 percfflit of the 
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larvae in a culture exposed for 80 days to tliis temperature died, as 
\shown in table 7. Probably the cultures remaining in the cooler at 
|liis time were moistened too much, for few larvae were recovered 
trom them when they were examinecl thereafter. A large proportion 
>f the larvae survived for 18 days at this temperature, and approxi- 
Uatelv one-fourth survived for 38 days. Exhaustion of the food 
granules of the intestinal cells was noted in larvae surviving prolonged 
exposure. A few larvae reached the infective stage in a culture kept 
for 116 days at about 36®. Similar results were obtained in the first 
series of cultures of the experiment reported in table 9, although in 
that experiment somewhat larger percentages of larvae survived 
rather comparable exposures and more infective larvae developed 
while the cultures were kept at about 36®. However, only a general 
similarity in the results of the two experiments could be expected 
because the cultures of the first series in table 9 initially contained 
some infective larvae and some larvae in the second eedysis. 

SURVIVAL OF LARVAE IN ADVANCED STAGES OF DEVELOPMENT 

Very large proportions of larvae principally in advanced phases of 
the second stage or in the second eedysis, but not yet infective, were 
killed by conii)aratively brief exposure to subfreezing temperatures, 
as shown in table 8. infective larvae in the cultures also were not 
very resistant to such temperatures. It was not anticipated that 
appreciable development of the larvae would occur at a mean tem- 
perature of about 36® F, Hence in examining the control cultures 
the larvae were se|)arated into only two groups. Those that were 
obviously still preinfective and those regarded as infective were 
diflerentially counted; larvae regarded as of doubtful infectivity were 
included in the latter group. Similarly, in the classification and 
counting of the larvae from exposed cultures, larvae of doubtful 
infectivity w^ere included with those definitely infective. In examin- 
ing cultures 8, 9, and 10, exposed for about 16 to 33 days to a mean 
’temperature of 36®, it was noted that tlie number of larvae that were 
infective or doubtfully infective had markedly increased over those 
in the control cultures. In the cultures kept at a mean of 36® for 3 
months or longer, not only had a large percentage of larvae survived 
but nearly all definitely had reached the infective stage. The number 
of infective larvae recovered from culture 11 practically equaled the 
average number of larvae of all stages recovered from the control 
cultures. Temperatures above 37® were attained during only a few 
hours of the exposure period. 

Another experiment was performed to test these results. The survi- 
val and development of larvae in a series of cultures containmg mainly 
first-stage and second-stage larvae and one containing mainly larvae 
undergoing the second eedysis w'ere compared. Cultures of the first 
series contained a small number of infective larvae when exposed, but 
about 18 percent of the larvae in cultures of the second series w^ere 
infective when exposed, as indicated by examination of a control cul- 
ture of each series. The number andf proportion of infective larvae 
increased in cultures of both series while the feces were kept at a mean 
temperature of about 36® F., as shown in table 9. This result is in 
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Table 8 . — Survival of prednfective larvae^ in advanced stages of development^ in S5^gm. 
cultures of feces incubated at room temperature for 74 hours before exposure to sub* 
freezing temperatures or at about 36° P. 


Culture No. 

Period of 
exposure 
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ture was e.x- 
IKMsed 

Estimated 
mean tem- 
perature of 
entire expo- 
sure period 

Larvae recovered 

Apparent 
survival 8 
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1 
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7.2 

4 

16. 73 

14-20 

1 16 

0 

4 

4 

06 

6 
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88.75 

s 34-42 

OV 

225 

6,225 

6,500 

100.5 

12 

88.76 

» 34-42 


500 

3,790 

4,290 

66.3 

13 

142 87 

8 34-42 


0 

2,680 

2, 680 

41.4 

14 

U) 



5, 550 

8050 

6,200 


15 

(*) 



6,550 

8 050 

7,200 


16 

(•) 



5,600 

8 500 

6,000 

1 



1 Mainly in advanced phases of the second stage and in various phases of the second ecdysis, unless other- 
wise noted. 

8 Based on the average number of larvae of all stages recovered from the ctintrol cultures. 

* Including some doubtfully infective larvae, but proportion undetermined. 

< Living first-stage larvae regarded as having hatcned from viable eggs while the feces were in the Baer- 
mann apparatus. 

• During a period of about 12 hours on the 73<1 day of exjiosure, electrical servicjt* was interrupted and the 
temjierature of the cooler rose for a few hours to the maximum shown. 

« IJnexposed; control. 

Table 9 . — Comparison of survival of preinfeclive larvae in two series of SO-gm. 
cultures of feces incubated for different periods at room temperature before exposure 
to subfreezing temperatures and to about 36° F. 


INCUBATED IN LABORATORY FOR SO HOURS AND CONTAINING MAINLY FIRST- 
STAGE AND SECOND-STAGE LARVAE WHEN EXPOSED 


i 

Culture No, 

Period 
of expo- 
sure 

Approxi- 
mate • 
range of 
temper- 
atures to 
which 
culture 
was 

exposed 

Estimated 
mean 
temiiera- 
ture of 
entire 
exposure 
period 

Larvae recsovered ’ 

Apparent 
survi- 
val 8 

Relation 
bet ween 
nuriiber of 
infective 
larval* 
recovered 
from tent 
and control 
cultiire.s 

Prein- 

fective 

Infective 

1 

i 

Total 


Days 

Of 

°F. 


Number -i 

Number 

Number 

Percent 

Percent 

1 

1.9 

8-24 

] 


1,3 W ^ 

52 

1,402 

4.3 

80.0 

2 - 

2.7 

a -24 

} 15 


400 

20 

420 

1.3 

30.8 

3.. 

as 

8-24 

1 


28 

2 

30 

.1 

3 1 

4 

14.9 

34-37 

] 


30,91 K ) 

100 

31,000 

95.1 

163.8 

6 

43.7 

1 8 33-50 

> 36 


16, m 

815 

16, 950 

52.0 

1,253 8 

6 4 

93.7 

8 33-50 



980 

120 

1, lOf ) 

3.4 

184.6 

7 

i (A) 




32,535 

66 

32.600 




INCUBATED IN THE LABORATORY FOR 73 HOURS AND CONTAINING MAINLY 
LARVAE IN THE SECOND ECDYSIS WHEN EXPOSED 


8 

1.0 

8-24 


950 

1, 100 

2,050 

13.6 

40.0 

9 

2.0 

8-24 

15 

070 

550 

1,520 

10.1 

20.0 

10 

3 8 

8-24 


53 

23 

76 

.6 

.8 

U 

13.9 

34-37 


12; 250 

6,400 

18,650 

123.5 

232.7 

12 

42.8 

8 33-60 

36 

8,400 

7,600 

15,900 

105.3 

272.7 

13 < 

92.8 

8 33 r 50 


2;625 

4,000 

6,625 

43.9 

145.5 

14 

(») 



12,350 

2,750 

15.100 









Total numbers of larvae recovered from cultures 5, 7, 12, 13, and 14 were calculated from the usual dilu- 
tion oounts by the use of the dissecting mierosoope, but the numbers of preinfective and infective larvae 
wer6 oalcQlated from dUTerentlal counts obtained by the use of theoompound microscope. 

* Based on average number of larvae of all stages recovered from control culture. 

* EaHy In the third week of exposure a maximum of 43^ F. was reached during an 18-hoar interval, and 
during a 5-day period in the 6th week of exposure a maximum of 50*^ was reached for a few hours, hut during 
most m this pmod the temperature ranged from 34^ to 37^. 

* Moiidmd with water on the 67th day of exposure. 

0 Ungi^xosd; control. 
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general agreement with those of previous experiments. Owing to 
unavoidable circumstances the maximum temperature was somewhat 
higher in the present experiment. 

Observations not included in the table also indicated that about 
1.4 percent of the larvae in cultures of the first series and about 50 
percent of the larvae in cultures of the second series were in a late 
phase of the second ecdysis when exposed. During exposure to a 
mean temperature of about 36°, the percentage of laiwae in this phase 
increased in cultures of the first series and decreased in those of the 
second. This finding is further evidence of development at that 
temperature. The jiroportions of larvae surviving comparable ex- 
posures at this temperature were considerably higher in the second 
series of cultures. Apparently this result was due to the greater ability 
of larvae in the second ecdysis to complete their development to the 
infective stage at a mean temperature of about 36°. The survival in 
cultures 6 and 13 was lower than was expected; apparently too much 
water had been added to these cultures on the sixty-seventh day of 
exposure. First-stage and second-stage larvae apparently w'ere more 
susceptible to the effects of excess moisture than the more advanced 
stages. That nearly all preinfectivc larvae in all stages arc killed 
by moderate subfreezing temperatures in less than 4 days was con- 
firmed by this ex|)eriment. The incidental observation that larvae 
which have just attained the infective stage are readily killed by freez- 
ing was also confinned. 

OUTDOOR EXPERIMENTS WITH PREINFECTIVE LARVAE 

In an experiment begun in F('bruaiy 1939, cultures originally 
containing lai’gi* numbcra of proiufcctive lan-ae were exposed for 14 
to 71 days to outdoor temperatures. The total number of preinfectivc 
and infective larv'ae recovered from exposed cultures immediately on 
removal to the laboratorj', or the number of infective larvae obtained 
from comparably exposed cultures incubatetl in the laboratory befon* 
examination, represented about 4.5 to 25 percent of the average yield 
of larvae from four un<'xi>osed control cultvircs, as shown in table 10. 
Two of the expos((d cultur(*s (Nos. 8 and 9) yielded almost as many 
larvae as one of the control cultures (No. 11). However, as a whole, 
the experiment indicated that the prevailing outdoor temperatures 
had a pronounced lethal effect on preinfectivc lan’^ne. Culture 1, 
which was exposed 14 <Iays, contained more surviving preinfectivc 
larvae than any of the test cultures examined after longer exposure. 
The preinfectivc larvae from this culture represented, howevt^r, only 
about 2.6 percent of the average number of larvae found in the control 
cultuH'S. There was no definite correlation between increase in dura- 
tion of exposure and increase in the number of infective larvae develop- 
ing in expose<l cidturos. Therefore, the lethal action against 
preinfectivc larvae in this experiment undoubtedly occurred mainly 
during tlie first 14 days of exposure, from February 14 to 28. Appar- 
ently, the development of infective larvae also occurred mainly dining 
this period. In one of the experiments with eggs, a pronounced lethal 
effect was also observed to occur duiing a 20-day period endir^ on 
February 28. 
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Table 10. — Survival and development of freediving stages of horse sirongyles in 
50~gm. cultures of feces containing preinfective larvae when placed outdoors on 
Feb. U, 1939 






Larvae recovered from culture 

Infective 



Date cul- 
ture was 
removed 
to lab- 
oratory 


Range of 

when removed to laboratory 

larvae rocov- 



Duration 
of outdoor 

temper- 
ature in 
each in- 




ered after 


Culture No, 




incubation of 
culture in 

Apparent 
survival i 


exposure 

terval of 
oxi>osure 

Prein- 
fect 1 VO 

Infective 

Total 

laboratory 
for week 









or more 



tm 

Dayfi 


Number 

Number 

Number 

Number 

Percent 

1 

2 

}Feb. 28 

14 

30-70 

1 1,000 

1,460 

2,450 

5,650' 

6.4 

14.9 

3 - - 

4 

|Mar. 17 

30.7 

23-70 

1 600 

6,000 

6,600 

4.600 

17.1 

12.1 

6 

6, 

}Mar. 24 

38 

22-78 

f 210 

2,260 

2,470 

‘i“76o' 

6.6 

4,6 

7 

8 

:}APr- ■ 

52 

2^78 

1 0 


4,'.^ 

8,266’ 

11.8 

21.6 

9-- . 

Apr 2fi i 

71 

2 30-88 

0 

'9,400 

'ft,'400' 

24.7 

10 

(;n { 





' ' '<36‘600 


n .. . 

0) 






* 10, 450 


12 

h) 






a.'>8,4(K) 



13 

V) 

-- 

-- 


— 


» 43, 700 

- - ' -- 


1 Basod on the average numl)er of larvae recovered from the control cultures. 

* Approximate, being tomi>erature.s recorded 1 mile away (therraomclor used in experiment accidentally 
jarred). 

* Unexposed; control. 

* Examined March 22. 

» Preinfective larvae; recovered when test cultures were exposed. 

Some of the preinfective and infective larvae recovered from exposed 
cultures and some of the infective larvae which developed in exposed 
cultures incubated in the laboratory probably originated from eggs 
which had not yet hatched at the time that the feces were placed out- 
doors. Although this experiment provides evidence that, under the 
temperature conditions which prevailed, most of the preinfective 
larvae were killed before they reached infectivity, it is of equtil im- 
portance that the fluctuating winter and spring temperatiires 
occurring during a 71-day period did not “sterilize” feces originally 
containing maiSy preinfective larvae of horse strongyles. At no 
time during this experiment was there an appreciable (Icpth of snow 
on the ground. 

DISCUSSION 

% 

% 

The results of the writer’s laboratory experiments on the survival 
of unembiyonated eg^ in feces continuously exposed to freezing are 
most nearly comparable to those reported by Enigk (5), since they 
showed that a large proportion of the eggs kept at mean temperatures 
of 14° to 21° F. (about —10° to —6° C.) were killed in 47 to 56 days. 
Since quantitative mcthofls were used and the emeriments were con- 
tinued for longer periods than those reported by Enigk, the resistance 
of the eggs to continuous freezing has been better defined by the 
writer’s work. 

"l^e reports of previous investigators do not afford a suitable 
basis for comparison with the results of the writer’s laboratory experi- 
ments on the resistance of preinfective larvae to freezing. The 
absolute and comparative resistance of these larvae to moderately 
severe freezing has been determined by this investigation. De 
Bliedc rad Baudet’s {4) observations afforded no comparison between 
the resistance of eggs and preinfective larvae, The experiments of 
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Wetzel (13) and Parnell (10) did not establish the absolute resistance 
of the preinfeetive larvae. Those of the latter worker permitted only 
a general comparison between their resistance and that of the other 
stages. 

Experiments closely comparable to those reported in the present 
paper on the eff(‘ct, on the eggs and preinfeetive larvae, of prolonged 
exposure^ to a mean temperature of about 36® F. (2® C.) also do not 
appear to have been r(‘port('d by other investigators. As previously 
noted, Gackstatter (6*) and De Blieck and Baudot (4) found that ^gs 
were uninjured by brief exposure to similar temperatures. The 
writer’s experinuuits appeared to sliow that even brief exposures killed 
some eggs. 

The wi-iter noted that first-stage and early second-stage larvae 
surviving prolonged exposure at about 36® F. had very pale intestinal 
(*ells. Probably larvae of these stages are not directly injured by 
temperature's a ft‘W degrees above the freezing point but die as a result 
of starvation. Latt' si'cond-stage and noninfective third-stag(' larvae 
were abh' to continue tlu'ir development to the infective stage at such 
temperatures. Thus, tlu' survival of preinfeetive larvae was evidently 
conditioned by the degree* of their depend(*nce on bacterial food or, 
from a slightly dilfeuent viewpoint, by their morphological status. 

Parnell (10) and Britton (3) mentioned 10® C. (approximately 
50® F.) as the approximate minimum temperature at which horse 
strongyle eggs and first-stage* larvae can develop. Tlu* experimental 
basis for these stat(*m(*nts was not specified by either writer. \\‘etzel 
(13) stated that the lowest temperature at which infective larvae of 
Strougyivs eq^/invs developed in about 350 houj*s was 12® to 13® C. 
(approximately 54® to 56® F.). About 10 percent of the hatched 
larvae bcK'nim* mature. However, in outdoor experiments of the 
writer’s investigation, eggs became embryonated and apparently 
hatched in a period hi which the maximum temperature did not 
exceed 46® F. (approximately 8® C.). Also, as previously mentioned, 
De Bli(*ck and Baudot (4) noted that eggs kept for 12 days at 6® C. 
contained viable embi’yos. Hueber (7) reported that ^^sclerostoine^^ 
eggs hatched in about 20 days at 5® to 10® C. The writer^s observa- 
tion that preinfeetive larvae reached infectivity during long exposure 
at a mean temperature of about 36® F. (maximum 50® F.) is not 
regarded as contradictoiy to Wetzel’s report because greater time 
intervals were involved. Also, whether larvae of S. equinus were 
among those undergoing development was not det(*rmined. 

The writer^s incidental observation that third-stage larvae were 
not very resistant to subfreezing temperatures immediately after 
becoming infective pn'sumably is in line with the statement of Zava- 
dovskii and Vorob\wa (Ij) that the resistance capacity of Strongylus 
equinus larvae increases with age, 7-day-old larvae being more resistant 
to freezing than 4-day-old larvae. The English summary of these 
authors does not definitely state that the 4-day-old larvae were infec- 
tive, however. 

Parneirs (9) statement that embryonated horse strongyle eggs are 
much less resistant to freezing than unembryonated eggs has been 
confirmed. The data of this investigation do not permit comparison 
of the resistance of embryonated eggs and preinfeetive larvae. 

In the light of the writer experiments, Pameirs ( 10 ) statement 
that frequent alternate freezing and thawing can be relied on to kill 
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tho free-living stages of horse strongyles requires qualification as does 
the previously quoted statements on this subject by Britton (5). 
The possible combinations of the variables temperature and time, as 
determinants of the lethal or nonlothal effect of alternations in 
freezing and thawing weather, are so numerous and complex that it 
is doubtful whether they can be reduced to a simple yet suflSciently 
inclusive verbal statement. The conditions stipulated by both writers 
were fulfilled in tho outdoor experiments of the present investigation, 
but the free-living stages, including preinfective larvae, were not all 
killed and considerable numbet*s of infective laiwae developed and 
survived. That alteinate freezing and thawing weather may markedly 
reduce the potential yield of infwtive larvae in feces subjected to it is 
shown by this investigation. That suitable alternations are capable 
of causing virtually complete', “sterilization^^ of feces originally con- 
taining eggs is also affirmed. But it is amply shown that the more 
occurrence of frequent alternation of thawing and freezing weatht'r 
affords no giiarantee of sterilization. 

Pameirs {10) later statement as to the susceptibility of all fn'e- 
livitig stages to “violent and frequent fluctuations in tt'mperature’^ 
differs somewhat from that just discussed. In the writer's experi- 
ments, infective^ larvae developed in feces originally containing eggs 
or preinf(H'tivc lai-vae despite exposure to temperatures ranging from 
minima of 13^ and 20® F,, respectively, to a maximum of 88®, and 
despite repeated and ra])id transitions from siibfr(‘(*zing to moderate 
temperatures. 

With tho exception of those reported in this ])ap(*r, the only labora- 
tory experiments known to the writer on the effects of alternate 
freezing and thawing on free-living stages of horse strongyles are 
those reported by Ober-Blobaum (S). which involved infective larvae. 

There is apparent disagreement between the findings of the present 
investigation and those of Paniell in the following respect: The 
writer found that large proportions of unembryonated eggs invariably 
were killed by continuous exposuri' to subfreezing temperatures for 
7 to 8 weeks and that many evidently succumbed to much briefer 
exposure in laboratory experiments. Paniell (.9), however, found 
that the continual low temperatures of a sevenc' Canadian winter 
were insufficient to kill “sclerostome'’ e^s. Parnell's (!)) statement 
that eggs exposed all winter embryonated and hatched normally in 
tho spring suggests that none were killed. However, in the writi^'s 
opinion, the data of tho experiment reported later by him {10) do not 
support such an interpretation. 

The previously mentioned report of Baker, Salisbury, and Britton 
{2) appears to be more in agreement with the results of laboratory 
experiments, at least insofar- as it tends to show that winter tempera- 
tures exert a lethal effect on horse strongylo eggs. However, although 
these authoi-s reported the percentages of eggs killed by 65, 90, and 
160 days of exposure in winter at Ithaca, N. Y., they did not include 
dates or temperature data, and the method of examination of the 
exposed feces serving as a b&sis for their calculations was not clearly 
described. For these and other reasons, it is difficult to evaluate 
the significance of the percentage relationships reported by these 
authors. 

^ imter^s outdoor experiments did not show that winter tempera- 
loaar BeltiSville had an appreciable lethal effect on horse strongyle 



Aug. 15, 1941 Survival and Development oj Eggs oj Horse Strongyhs 215 


eggs as such. But the temperature conditions were very different 
from those of the laboratory experiments, which demonstrated that 
prolonged and continuous (exposure to subfroezing temperatures kills 
the eggs. Results similar to those of these laboratory experiments 
would occur outdoors only in regions whore subfrec^zing temperatures 
prevail continuously for long periods in winter and hence closely 
jiaralhd the experimental ternperatm-e conditions. 

The protection against (extremes of temperature afforded to organ- 
isms on the soil surface by a covering of snow has generally been 
ov('rlooked by those who have investigated the survival of the free- 
living stages of strongyles of hoi-ses and other domestic animals 
und(‘r winter conditions. Swales {11) found that, in the presence of 
an appreciable^ blanket of snow, temperatures recorded at the soil 
surface continuously approximated the freezing point and varied only 
slightly despite fluctuations in air temperature. He concluded that 
wintiu* air lemp(u*atur<‘s cannot be considered as having any direct 
effect on organisms on tin* soil surface, so long as a covering of snow 
is present. Tin* organisms are to be regarded as existing in a nJativoly 
constant climaU^ with temperatures approximating the freezing point. 
The ground was cover<‘d with snow for a short time during only one 
of tin* tliree outdoor experiments rei)orted in this paper. 

In a discussion of the influence of frost on laiwae in pastures, 
Taylor {12) stated that the cessation of the d(*velopment of infective 
larva(^ during a cold period must result in the storage of potential 
infective* material and, wln^n warmer weather conies, a mass develop- 
ment of inf(*ctive larvae probably occurs. Taylor referred to con- 
ditions under which grazing animals constantly deposit h^ces on a 
I)asture during the cold jicriod. However, tlu* writer’s experiments 
appear to indicate definitely that the proportion of eggs that ulti- 
mately yield infective larvae in horse feces exposed during cold 
seasons is d(*termined by the particular relationships prevailing 
between the variables of temperature and time. 

It is well known that the Baermann apparatus is of limited efficiency 
for tin* recoN cry of laj-vae from f(*ces. However, it was used in this 
investigation because it is the most practicable available criterion of 
viability of such larvae. It was not determined whether the prein- 
fective larvae recovered from feces following exposure were necessarily 
capable of completing their preparasitic development since it was 
impracticable to attempt to establish this point. Whether infective 
larvae developing in feces dining or after exposure to low tempera- 
tures were capable of normal parasitic development also was undeter- 
mined. The writer is unaware of any method whereby this question 
might have been resolved satisfactorily, 

Alore accurate mathematical results probably could have been 
obtained in laboratory experiments had counted numbers of eggs and 
preinfective larvae been exposed to low temperatures in water. But 
the significance of results obtained in this way woidd have been ques- 
tionable. Feces are the natural medium of these stages for the 
most part, and the type of medium apparently affects experimental 
results. Thus, Zawadowsky and Vorobieva (l\) found that infective 
larvae of Slrongylus equinus showed greater resistance if frozen in 
damp sand or feces than if frozen in a dry condition or in water. 
The difficulty of determining whether larvae originating from eggs 
exposed in water could cx)mplete their development also would have 
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been introduced had this alternative medium been employed. Thus, 
it was felt, that despite the probability of variability in results, the 
use of feces, the natural medium, was preferable for the purposes of 
this investigation. 

SUMMARY AND CONCLUSIONS 

To determine the effects of continuous low temperatures, alternate 
freezing and thawing, and natural fluctuations in temperature in 
winter and early spring on the survival and development of horse 
strongyle eggs and preinfective larvae, laboratory and outdoor experi- 
ments were performed at the United States Department of Agriculture, 
Beltsville Research Center, Beltsville, Md., in 1938 and 1939. 

From 94 to 100 percent of unembryonated horse strongyle eggs in 
feces continuously exposed to mean temperatures of about 14° to 21® 
F. were killed in 47 to 56 days in laboratory experiments. The per- 
centages of eggs surviving comparable exposures varied, end the 
absolute limit of the ability of the eg^ to survive at the experimental 
temperature ranges was not established. In one experunent, 0.4 
percent of the eggs survived 97 days of continuous exposure to sub- 
freezing temperatures. The experiments suggested that the number 
of sinviving eggs decreased gradually as the duration of exposure to 
Bubfreezing temperatures increased. 

Embryonated eggs were much more readily killed than unembryo- 
nated eggs in feces kept at the same range of freezing and subfreezing 
temperatures (7°— 32° F.). The absolute resistance of embiyonated 
egm was not detennined. 

The lethal effect on unembryonated eggs subjected to the following 
treatment was no greater than that obtained by continuous freezing: 
Repeated exposure to a mean temperature of 14° F., alternated with 
thawings at room temperature for periods only of sufficient duration 
to allow the feces to attain their noimal consistency. When the 
thawings at room temperature were of sufficient duration to peimit 
appreciable development, the cultures were promptly and almost 
completely sterilized so far as yielding infective larvae was concenied. 

The limit of the ability of eggs to survive at a mean temperature of 
about 36° F. was not determined. In one experiment 0.5 percent 
survived an exposure of 195 days. In two of three experiments about 
one-half of the eggs survived for 3 to 4 weeks at this mean tempera- 
ture, but because of variability in results, quantitative conclusions 
as to the rate of devitaUzation at this temperature were not war- 
ranted. Apparently, decrease in the number of surviving eggs' and 
duration of exposure were related. 

More than 90 percent of preinfective larvae principally in the first 
stage and early second stage of development were killed in 1.2 to 
4 days in feces exposed to mean temperatures of 14°-21° F. Prein- 
fective larvae in more advanced phases of development did not differ 
markedly from the yotmger larvae in ability to withstand subfreezing 
temperatures. Premfective larvae in aU phases of development were 
far more susceptible to subfreezing temperatures ^an the imem- 
biyonated eggs. Larvae that had just reached the infective sti^e 
were readily killed by subfreezii^ temperatures. 

About 75 to 95 percent of preinfective larvae in cultures containing 
mainly first-stage and second-stage larvae survived at a mean tern- 
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perature of about 36° F. for periods up to approximately 2 weeks. 
About 25 to 50 percent survived for approximately 5 to 6 weeks. 
More than 90 percent died in about 3 months at this temperature, 
and those surviving prolonged exposure had very pale intestinal cells. 
Death of the larvae was attributed to starvation rather than to a 
direct injurious action of the temperature. The proportion of infec- 
tive larvae in cultures originally containing principally larvae in the 
second eedysis and advanced phases of the second stage increased 
markedly on prolonged exposure of the cultures at a mean tempera- 
ture of about 36°. In these experiments the larvae surviving about 
3 months of exxiosure represented 40 to 100 percent of the number 
of larvae of all stages originally present in the cultures. 

When feces originally containing unembryonated eggs were exposed 
outdoors to winter and early spring temperatures in the vicinity of 
Bcltsville, Md., some infective larvae developed during the winter 
and the feces wen^ still capable of yielding additional larvae in the 
spring. One experiment was inconclusive as to the lethal effect of 
outdoor exposure, but in another experiment the number of infective 
larvae ultimately developing in exposed cultures represented about 
one-tenth of the number recovered from unexposed control cultures. 
Inb'ctive larvae also developed in winter in feces that contained 
preinfective larvae wln^n exposed. The number of infective larvae 
that ultimately developed in exposed cultures or that such cultures 
were capable of yielding after exposure represented one-fourth to 
one-twentieth of the potential yield of the cultures. Eggs embry- 
onated and hatched outdoors in a period in whicli the maximum 
t('mperature recorded was 46° F. Dming the outdoor experiments 
in which tluise results were obtained, the temperatures frequently 
fluctuated above and below th(‘ freezing point. Such flucttt^tions in 
winter ajid spring temperatures reduced tin* yield of infective larvae 
in e.xposed cultures but did not ^‘stt'rilize’* the' cultures. The degree 
of tile letlial effect of outdoor exposuie in winter and spring depends 
on the relationships that prevail between the variables of temperature 
and time. 
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INHERITANCE OF REACTION TO COMMON SCAB IN 

THE POTATO ‘ 

By F. A. Krantz, horticulturist, Division of Horticulture, Minnesota Agricultural 
Experiment Station, and collaborator, Division of Fruit and Vcgttahle Crops and 
Diseases, Bureau of Plant Industry, bnited States Department of Agriculture and 
Carl J. Eire, assistant pathologist, Division of Plant Pathology and Botany, 
Minnesota Agricultural Expevimint Station 


INTRODUCTION 

In the process of developing improved scab-resistant varieties of 
potatoes {Solajivm iuhermwn L.), it was found that individuals with 
similar clonal reactions often differed significantly in their breeding 
value. This led to an attempt to place the ])arontal material into 
g('netic groups based on the classification for scab reaction of their 
sexual i)n)geny and to isolate the more desirable scab-resistant geno- 
types. The presentation includes four related series: 

1. A study of a cross for the purpose of sui))dyhig a genctie classification that 

could he applied to the ])arciital material. In tliis cross segregates and 
Ihcir sexual progenies from the Fi, F 2 , and F 3 generations of a cross wore 
ut ilized. 

2. A study of ])arental material, consisting of 118 varieties or selections 

which wore classified on the basis of the scab reaction of the sexual 
])rogeny into the same probable genotypes as were employed for the 
segregates from the al>ove cross. 

3. A study of the scab reaction of tlie hybrid progenies obtained by crossing 

certain of the above parental genotypes. 

4. A study of the association between the color gene P and the reaction to 

scab. 

MATERIAL 

In 1924 it cross was made between Accession 123 and Ijookoiit Moun- 
tain. Accession 123 was an unidenlified clone ol)taine<l as a rogue in a 
field of Irish Cobblers. Both ])arents were self-fruitful, and the result- 
ing hybrids were highly so. Under the plan of saving the seed in the 
breeding plots of all self-fruitful individuals, seed of a relatively large 
number of individuals fixun the Fi, F^, and Jpg generations accumu- 
lated, though most of the individuals which produced this seed were 
discarded. When the studies on resistance to common scab were 
initiated, it was found that selections from this cross exhibited a wide 
range of scab reaction. Hence, this cross appeared to provide excellent 
material for a genetic classification of scab reaction. Recourse was 
then made to the seed which had accumulated from the hybrids of 
this cross during the previous 12 years. The segregates have each a 
pedigree number which shows their relationship and, by the number 


1 Received for publication December iri, 1940. Paper No. 1818 of the Scientific Journal Series of the Min- 
nesota Agricultural Experiment Station. Cooperative investigations by the Division of Horticulture and 
the Division of Plant Pathology and Botany, Minnesota Agriciiltural Experiment Station, and the Division 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculturti, 
Assistance in the preparation of the materials used in this work was furnished by the personnel of Work 
Projects Administration, Oftloial Project No. 65>-I-'71-140, Subproject No. 408. Sponsor, University of 
Minnesota. 
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of numerals, the generation from wliich they were selected. Thus 5 is 
the cross number and is common to all the segregates. Similarly, 5-14 
is an Fi segregate whose progeny carries the same number, while 
5-14-1, 5-14-2, 5-14-3 . . . are ^2 segregates from this progeny. 

Parental material studied represented a cross-section of the self- 
fruitful clones in the breeding plots. It consisted of American and 
European varieties, and of selections from crosses and selfed lines. 
The pedigree numbers for the selections sujmly tlie same information 
as those previously indicated for the cross. The character of russeting 
was almost entirely absent in this parental material. Hence, the 
influence of russeting on reaction to scab as found in such varieties 
as Russet Burbank and Russet Rural was not considered. 

METHODS 

Relative resistance to common scab was determined by growing 
progenies in peat soil which was heavily infested with Actinomyces 
scabies (Thax.) Giiss. as shown by the high degree of infection on 
certain individuals. Field tests were made in the first clonal genera- 
tion except for one test in which certain progenies were retested in their 
second clonal generation. Another test was made by growing seed- 
lings directly from seed on nonsterilized soil from the above field to 
which a single race of A. scabies was added. These progenies were 
tested in the field during the following summer. 

Resistance was determined by the “highest scab” method as 
described by Leach et al.* Acc'ording to this method, depth and 
severity of the scab lesion were used as a measure of susceptibility. 
Four degrees of severity were recognized, and these were indicated by 
numbers from 1 to 4 inclusive. The tubers of each individual of a 
given progeny were examined and the individual given a rating cor- 
responding to the most severe type of pustule found. These ratings 
were then averaged to obtain the mean scab ratings. Each family 
was grown in two randomized blocks, and the interaction of families 
with blocks was used to obtain an estimate of the experimental error 
of the means. 

It should be pointed out that the progenies used in this investigation 
were studied under limited conditions with respect to scab infection. 
Schaal * and Leach et al.* have sliown that there are races of Actinomyces 
scabies which diflFcr a great deal in pathogenicity on some lines of 
potatoes and that the same variety or seedling may differ in resistance 
when tested in different localities. Schaal* foimd that in general 
highly resistant varieties are consistejitly resistant when grown in 
widely different parts of the country, but that less resistant varieties 
may vary considerably. It was also pointed out by Wingerberg* 

< Leach, J. G., Krantz, F. A., Decker, Phareb, and Mattson, Harold, the ueascreuent and 

INHERITANCE 07 SCAB RESISTANCE IN SELFED AND HYBRID PROORNIKS OF POTATOES. JOUT. AgT. BgS. 56: 

m-m, Ulus. 1938. 

> Schaal. L. A. cultural variation and physiologic spkciauzation of actinomyceb scabies. (Ab- 
stract) Phytopathology 30: 21. 1940. 

< Leach, J. g.. Decker, Puares, and Becker, Hannah, pathooenic races of actinomvcks bcarxbs 
IN relation TO SCAB resistance. Phytopathology 29: 204-209, lllus. 1939. 

< Unpublished data. 

• Winoerbero, Fritz, studien Dber den gewOhnuchrn kartoffeuchorf und seine erreqsr 
KUhn-Arcb. 33: f259]<295, Ulus. 1032. 
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that physiologic as well as morphologic factors may determine resist- 
ance to scab. Leach et al.^ came to the same conclusion. This sug- 
gests the possibility that under a different set of conditions, especially 
with respect to the strains of the pathogen present, breeding behavior 
for resistance other than that reported m this paper may be found. 

In the analysis of the data, cognizance was taken of the evidence 
8upplie<l by Lunden ^ indicating that the potato was an autotetraploid. 
Hence, for a character conditioned by a single gene there would be 
five possible genotypes. 

With this type of inheritance, the material did not appear to be 
sufficiently ext cnsiv<i to warrant t<‘sting more than a simple hypothesis. 
Therefore the analysis was made on the assumption that a!mong the 
possible genes influencing scab reaction there might be one with a 
major influence which would allow a gencitic classification of the 
mafcrial. The classification into the five possible genotypes desig- 
nated as SCi, Sciec, (SVjsCs, Scscs, and sCi was made by inspection of 
the distribution of the pn)geny means for regions of ifiscontinuity. 

EXPERIMENTAL RESULTS 

REACTION OF PROGENIES OF ACCESSION 123 X UlOKOUT MOUNTAIN 

The sexual progeny of 14 32 Fi, and 18 F 3 segregates of the cross 

Accc.ssion 123 bv Lookout Mountain were tested for reaction to 
common scab, 'their progc.ny means were then compared irrespective 
of generation for indications of the possible presence of five breeding 
tyjies. The discontinuity in the distribution of the progeny means 
appeared to be greatiist in four regions. A separation of the piogeny 
means was mmle at these four regions, the segregates being divided 
into five groups. In table 1 is given the sexual progeny mean for 
each s(^n>gat(* and the distribution of the segregates in each generation 
among the five breeding types. 

A comparison of the five breeding types is made in table 2, where 
the individual progenies of each type are combined and the distribution 
of the individuals from tin* progenies of each type among the classes 
of scab rating is shown. 'The distribution for each type is signifi- 
cantly different from that of the other types. This is indicated also 
by tlie differences between the typo means and by the probability 
from X* tests which is less than 0.01 in all cases. 

This study, as previously stated, was undertaken on the hypothesis 
that a gone was present which had a major influence on scab reaction 
and that this would allow the classification of the breeding material 
into five genotypic classes. A comparison of the distribution of the 
segregates for each generation of the cioss among the five types of 
breeding behavior with that of the distribution of the genotypes for 
each generation calculated on the assumption that the differences 
between breeding types was principally due to a single gene, can be 
made. 

» LuNHEN, AKSKL ?. IKHEKITANCE STUIUES in the potato (ftOLAXTTM TUBEROSUM L.). Norgps Landbr 
H0iskolosArsrm4ding omAk<.*rvckstforsfik(1934-S5) (Title veriesl 46: 1-166. 1937. 
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Table \.— Mean scab ratings of progenies of Fj and Fa segregates of a cross between 
Lookout Mountain and Accession 12$ ^ 


Fi scKrogates 

Fj segregates 

Fs segregates 

Breed- 







Ing 

Designation of 

Progeny 

Designation of 

Progeny 

Designation of 

Progeny 

type 

segregate 

mean 

segregate 

mean 

segregate 

mean 




6-3-1 

0.67 



1 

6S 

1.17 

5-14-6 

1.00 

5-4-14-1 

1.17 


5-13.. 

1.17 

6^1 

1. 10 

5-12-1-1 

1.20 




6-8-2 

1.10 

5-6-1-1 

1.22 

2 



5-2-1 

l.U 






6-10-3 

1.19 




^14 .. 

1.31 

5-14-3... - 

1.27 

5-15-1-3 

1.36 


5-lfi .... .. . . 

1.32 

5-10-1 

1.27 

6-10-1-1 

1.37 


5-12 . 

1.33 

6-14-15 

1.30 

6-4-3-6 

1 38 


5-10 

1.40 

6-7-2 

1.33 

5-10-1-2 - 

1.47 


5-8 . 

1.42 

5-12-1... . .... 

1.33 

6-10-3-2 

1.48 


5-9 . 

1.42 

5-8-1 ... .. 

1.36 

6-10-1-3 

1.56 


5-7 . 

1.49 

5-14-16 

1.38 

5-11-1-3 

1.69 


ti.:,:::: . 

1.50 

5-2-5.... 

1.40 

6-14-^!.. . 

1.63 


6-5 . 

1.50 

6-n-l .... 

1.40 

5-11-1-4 

1.80 


5-11 

1.76 

6-15-1 . . 

1.60 

5-10-1-6.. 

1.89 




5-3-2.. 

1.63 



► 3 



6-6-1. .... . . 

1.66 






5-14-8 

1.68 






5-14-1 

1.74 







6-14-17 - 

1.77 







6-2-4 . 

1.80 






5-2-2 

1.80 






6-14-2 

1.81 





1 

6-10-2 .. 

1.82 







5-4-3 .... 

1 86 

. . - - 





6-14-7 

1.87 


. 


6^ '.r. 

■"'l.‘92 

5-4-1 

2.05 

^H^-1. 

1.9C*) 


5-2 

1 98 

6-6-2 . . . 

2.21 

! 5-4-1-1 . 

2. 00 




6-14-5... . 

2.27 

6-4-3~4 

2. 21 

4 



5-13-1 

2.29 







6-1-1 . . . 

2. 36 








15-4-3-5 

2 46 

) 





i 6-10-1-4 

2.47 

i 


1 2X8. E. of a <lifTereDW»=0.38. 


Table 2. — Distribution of the individuals of the progenies of each breeding type 


Breeding type 

Number 

of 

progenies 

Nttmt>er of individuals in the 
progenies of each type falling 
into the indicatetl classics of 
scab rating ^ 

Mean 

P from X* le.Ht between 
types 


0 

1 


3 

4 

1 .. 

1 


1 

8 

1 

0 

0 

0.67 


2 

10 

18 

173 

44 

4 

0 

1.13 

1 and 2 less than O.Ol. 

3 . .. 

42 

46 

598 I 

377 

105 

19 

1 52 

2 and 3 le.ss than 0.01. 

4 

11 

8 

77 

125 1 

94 

17 

2. 11 

3 and 4 less than 0.01. 

5... 

2 

2 

15 

13 

19 

15 

2.47 

4 and 5 less than O.OL 


1 0«»No scab, 4«most severe scab. 


The 14 Fi segregates are distributed among breeding types 2, 3, 
and 4. If the 5 types are represented by the following genotypes 
Sci, Sczse, ScfCz, Scscz, and sct, then in the Ft 2 segregates would be 
classed as triplex, 10 as duplex, and 2 as simplex. A similar distri- 
bution in the Fi might be obtained if 1 parent. Accession 123, was 
triplex and the other parent. Lookout Mountain, was simplex for 
the gene 8e. A comparison of the obtained with the calculated distri- 
bution is shown in table 3. 

This assumption ^ees with the information available concerning 
the pw^ents, which unfortunately is metier since both were discarded 
before the .scab studies were undertaken. Hybrids obtained from 



Aug. 16 , 1941 Inheritance of Reaction to Common Scab in Potato 


223 


other progenies with Lookout Mountain have given progenies with 
veiy little resistance. On the other hand, selfed lines derived from 
Accession 123 have shown high resistance, some of tlnan approaching 
that of Ilindenburg selfed. Accession 123 was not homozygous since 
there was a significant diffc^rence in scab reaction between some of 
th(^ selfed lines derived from it. 


Table 3. — A compariaon of the obtained with the calculated genotype distribution 
in the F\ segregates of the cross Accession 12S Y, Lookout Mountain 


Distrilmtion— 

j Se, 

SCiSC 

Scitci 

Sc8Ci 

Obtained 

[ 

! oi 


10 0 

2 1 

Calculated - 

1 Oi 

1 3.5 

7 0 

3.5 


The theoretical distribution which would be obtained in the F 2 and 
F 3 can be calculated on th(' basis that a random sample was taken 
from each generation. Th(‘ segregates probablv represented a random 
sample, for they included all of the self-fruitful plants in (^ach genera- 
tion. Unfortunately only a selected group was carried into each 
succeeding generation, flowever, the breeding plots were relatively 
free of scab, and no consid (‘ration was given to scab reaction in select- 
ing th(‘ s(‘gregat(*s for the succc'cding generation. In table 4 the dis- 
tribution is calculated on a chromosome rather than a chromatid 
typ(‘ of s(‘pegatiou as th(‘ former is in closer agreement with the 
obtain<‘d distribution. 


Table 4. — A comparison of the obtained unth the calculated genotype distribution 
in the Fz and Fs segregates of the cross Accession 123 X Lookout Mountain 

f Calculations made on a cliromosomo rather than a chromatid tyi>o of segregation] 


Fi segregates’ 
Obtained 
Calculatefl 
Fi segregates: 
Obtained 
Calculated 


l)b!tribiitiofiof— ! 

1 

SCi 

Scisc j 

Scisci 

Scsct j 

ac4 


! 

1 

j 

5 

\ 

21 

5 

0 


1 2 

7 ») ' 

i 

15 2 

7.2 

1.2 


0 1 

3 

10 

3 

2 



2 

4 

0 

i 

4 

2 


REACTION OF PROGENIES FROM OTHER VARIETIES AND SELECTIONS 

The reaction to common scab of selfed progenies from 118 other 
varieties and stdections have been studied. Tests were made in the 
field in 1936, 1937, 1938, and 1939 and in the greenhouse during the 
fall and winter of 1938-39. Since the level of infection varied in 
the different tests, each comparable group is listed separately in 
table 5. 

These varieti(>s and selections have been classified into five breeding 
types. In making this classification consideration has been given to: 
(1) Regions of discontinuity in the progeny means; (2) the reaction 
of progenies which were tested under more than one level of infection; 
(3) the reaction of the self lines from a variety or sdection. 

It will be noted in table 6 that the variety Hindenburg is the 
sole individual classified in breeding type 1. Its sexual progeny 
mean in the four trials in which it was tested was consistently low. 
This variety docs not appear to be homozygous for all factors which 
influence scab reaction since two of its segregates, 14-6 and 14-7, gave 
a significantly higher progeny mean in the two trials in 1939. 



Table 5. — Mean scab rcUings of selfed progenies from varieties and selections 1936-39 
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In breeding type 2 are eight individuds, including the variety 
Jubel. The clonal reaction of these eight individuals is very similar 
to that of Ilindcnburg. Four of these individuals, 11-1-25, 1-1, 
1-4-1, and 15 -1, produced sexual progenies whose mean scab reaction 
was not significantly different from that of the progeny of Hindenburg 
in 1936. In the second clonal generation in 1937 the sexual progenies 
of three of these individuals appeared to rive a significantly higher 
scab reaction than that of the progeny of Hindenbui^. The remain- 
ing four individuals of breeding type 2 gave sexual progenies with a 
small but consistently higher scab reaction in both the greenlioiise 
and the field test than that of Hindenburg in 1939. 

Forty -tw^o clones are classified in breeding type 3. The position 
of this group was marked by including comparable sexual progenies 
of selection 5-10-1 in five of the six tests. The limits of the group 
were determined by separation in the regions of the greatest discon- 
tinuity in the distribution of the pn>geny means. The separation in 
1937 is the same as that made for the segregates of the cross givc'u in 
table 1 since these were included in the same test. The trial in 1938 
did not include the progeny of selection 5-10-1. How'ever, this trial 
included the progeny of selection 5--15-1 -4-1-2, of which a com- 
parable sexual progeny was tested in 1937, and the progeny of seh'C- 
tion 15 -2, from wliich a similar sexual progeny was testt'd in the 
greenhouse and in the field in 1939. The sexual prog(>ni('s of individ- 
uals classified in breeding type 3 appeared to be mon^ variable than 
those from the other breeding types. Thus the sexual progeny of 
selection 5-10-1 gav<! a scab reaction similar to that of tin* individuals 
placed in bn'cding tvpe 2 in 1930. Under a higher level of infectum 
in the second clonal generation testc'd in 1937, this sexual progeny 
approached breeding type 4. Again in 1939 in the greenhousi' test 
the progeny mean >vas relatively low. approaching that of the sexual 
progeny of the variety .hiibel, and ^vas significantly low(*r than tin* 
progeny of the vark'ty Earlaine. In the field tests which followed 
a higher level of infection was obtained, and the progeny nu^un of 
selection 5-10-1 is significantly higher tlian that of the progeny of 
Hindenburg and Jubel and approaclies th(‘ progeny mean of Earlaine. 
This indicated difference in reaction to high and low levds of infection 
in the tests has been considered in the classification of the individuals 
into breeding type 3. A similar difference in reaction to low' and 
high levels of infection has been noted in the clonal reaction of this 
group. Their clonal resistance to scab is sufficient to be of commercial 
value under ordinary levels of infection. 

In breeding type 4 are grouped 29 clones including the variety 
Earlaine. The variety Katahdin also probably belongs to this group 
since selections from its selfed progenies (line 66) are mcluded. This 
group differs from breeding type 3 in having slightly higher se.xual 

K geny means. However, meir progeny means are significantly 
er in general than those of breeding type 5. The latter are con- 
sidered to cany no resistance. In clonal tests, individuals in breeding 
type 4 were distinguishable from those of type 3 but not from those 
of type 5. Wliile more intensive studies will probably indicate the 
presence of a greater clonal resistance in the individuals belonging to 
oreeding type 4 than those of type 5, it would hardly be sufficient 
to be of ooniinercial value. 
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Thirty-five cloiies irichiding the vai-iety Chippewa are grouped in 
breeding type 5. This group shows no clonal resistance to scab. 
AttemptvS to isolate resistant individuals from their sexual progenies 
have met with no siktcss. A few of the more promising isolates 
were given progeny tests. Thus it will be noted that the progenies 
of 11-1-3 2(11) (14) (18) and (20), all selections from 11-1“3 2, 
mive high progeny means. Similar selecitions from line 80- 7 gave 
high progeny means as will be seen from the progeny means of selec- 
tions 80 -7" (1) (2) (3) (4) (5) and (0). 

REACTIONS OBTAINED IN CROSSING PARENTAL TYPES 

The reaction to scab of the crossed progenies as obtained in the 
field in 1930 and 1938 and in the greenhouse and field in 1939 are 
presented in table (i. Tlie parents employed were previously classi- 
fied from the reaction of their selfed progenies with the exception of 
the varieties Early Ohio, Triumph, and Waiba. The crosses are 
listed in the order of their mean scab reaction. 

In 1930, ciosses between parents of breeding types 2, 3, 4, and 5 
w(M*(‘ tested. The two crosses of type 2 (Jubel) by selections of type 3 
and 4 gave the lowest progeny mean. The two crosses between 
parents of type 5 gave the highest progeny mean. The breeding 
behavior of the varieties Early Ohio, Triumph, and Warba appears 
to be the same. From the progeny means of the crosses in which 
these varieties enter, they are classified as probably belonging to 
breeding type o. 

(’’rosses between the same breeding types as were tested in 1930 
were tested in 1938. Th<‘ progeny means of these crosses are in fair 
agreement with the <‘lassifi(aition made from their selfed progenies 
with the possible exception of selection 80--7. This parent was <*lass‘.- 
fied in breeding type 5 on the basis of the high mean scab reaction of 
its selfed lines. Its behavior in these crosses suggests that it may 
(‘arry some factors which influence low scab reaction. 

The n'sults with the crosses test<*d in the greenhouse and field in 
1939 emphasize the low progeny means obtained when Hindenburg 
enters into a. cross, Th(* cross of type 2, (Jubel) by type 3, selection 
5 “10-1, gave a somewhat higher scab reaction than the average of the 
four cross('s in which Hindenburg w jis crossed with seh'ctions of type 4. 
In the 1930 and 1938 tests, which contained no crosses with Hinden- 
burg, the same cross, Jubel with 5-10-1, gave the lowest average mean 
scab reaction. Clark et al.* from obseiwations on two Fi progenies 
concluded that Hindenburg was probably homozygous for resistance. 
The mean scab reaction of the selfed progenj’^ of Hindenburg given in 
table 5 and its behavior in the crosses as shown in table 6 suggest that 
this variety is nearly homozygous for scab resistance. However, two 
selections, 14-6 and 14-7, from the selfed propny of Hindenburg, 
produced selfed progenies with a significantly higher mean scab 
reaction than their panmt progeny (see table 5). This suggests that it 
is heterozygous for at least some minor factors which influence the 
mean scat reaction. The results of the 1939 test also supply further 
evidence that the varieties Triumph and Early Ohio probably carry no 
factors influencing low scab reaction. 

> Clark, F. C., Stkvenson, F. J , and Hchaal, L. A. the inheritance of scab resistance in certain 
CROSSES AND SELFED LINES OF POTATOES. Phytoiiatbology 28: 878-890, UlUS. 1938 
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Table 6. — Mean Bcah raiingB of hybrid progenies from certain breeding types as 
determined in the field in 19S6 and 19S8 and in the field and greenhouse in 1939 

1936 TEST 







Progeny mean 


Breed- 


Breed- 

Number 


Parent 

inp 1 

Parent 

inu 

of seed- 




type 1 

j 

tyiw 

linys 

if 

C.« 

Field 

Jubel 

2 

X 6-14-41-1 _ - 

4 

15 


1.00 

JulKjl 

2 

X 5-10-1 

3 

16 


1.07 

4-9-3-l-l“M 1 . . 

3 

X 82-10 

4 

44 


1.21 

4-9~:M-1-1-1 1 - 

3 

X 5-10-1 

3 

68 


1 26 

Early Ohio 

5 

X 4-9-3 -l-l-l-l-l 

3 

1! 


1 27 

Triumph , _ 

5 

X5-l(l-l .. - 

3 

104 


1.39 

Warbn ... 

6 

X 5-10-1 

3 

59 


1.40 

n-l-2-lM . 

3 

X 21-2-2 . - 

3 

31 


1.42 

4-25-6 

3 

X5-lff-l . . . 

3 

26 


1. 42 

82-10 - . - . 

4 

X 12-2-1-1-7 . 

4 

109 


1.42 

Early Ohio . , , 

5 

X 5- 1(1- 1 

3 

34 


1 44 

n-8-1-9 4 

3 

X 21-2-2 

3 

I ti7 


1 46 

Warba . . 

5 

X 12-2-4-1-7 

4 

! 17 


1.59 

Early Ohio.™ . - 

Warba 

5 

X 12-2-4-1-7 

4 

1 23 


1 74 

5 

X 11-1-3-2 . . 

5 

32 


I 2. 00 

Triumph 

5 

X 4-25-7-1 

5 

! 26 


t 2 3H 

2 X S. E. of difference 

' ■ 1 

- 1 
) 


1 


43 


1938 TE.ST 


Jubel ... 

2 

X 5-10-1 . - 

1 3 ^ 

1 47 

1 

i 2.08 

30-11-3-1 

i 

X 5-10-1-29 . 

2 i 

22 


2 73 

17-2..-. 

4 

X 5-10-1. 

3 ; 

69 


: 2 85 

11-8-1-9 ■?! 

3 

X80-7. . 

' 5 ! 

22 


1 2 95 

82-11 

4 

X80-7 

6 

37 


1 2 97 

17-3 - 

3 

X 5-10-1. . 

i 

81 


1 3 01 

16-2 

3 

X 80-7 . 

i 5 

72 


3 04 

80-7. .. 

6 

X 5-10-1 .. 

3 

61 i 


3. OH 

80-7 

5 

X 15-2... 

i 3 

51 


3. 18 

13-1 

6 

X 8(W 


36 


3 25 

11-8-1-9-3 . - - 

3 

X 6 10-1 . - 

! 3 ‘ 

1 24 


3 31 

21-2-2 

3 

X5-10-1.. . 

. - 1 3 ; 

44 


3 35 

15-2 - - - 

3 

X 5-10 1. 

- - 1 3 

17 


3 35 

82-6 

4 

X 16-2 . 

3 j 

30 

1 

3 37 

82-6 

4 

X 5-10-1 . . 

! 3 ! 

47 


3 38 

13-1 

5. 

X 5-10-1 

1 3 

43 


; 3 51 

11-1-3-2 - 

5 

X5-10-L , . 

! 3 i 

28 


3. 52 

13-1 

5 

X 11-1-3-2 . 

i ^ 

28 


3 75 

2 X S. E. of difference _ . . . 



i * 

- i 

1 

i 

1 .46 


1939 TEST 


39-3-1-1-1-1.. - 1 

4 

X Hindenburg . .. 

1 

75 

1.37 1 

2. 15 

Hindenburg .... i 

1 i 

X 5-14-8-1 . . 

4 

69 i 

1 65 j 

2. 21 

41-1-1-7-5 1 

4 

X Hindenburg . . 

1 

43 ! 

1.44 1 

2,40 

Jubel 

2 1 

X 5-10-1.. ... 

3 

80 

1 38 i 

2 43 

5-10-3-4 . . 1 

3 

X 15-2 . 

3 

70 

1.46 

2.46 

Triumph i 

5 

X Hindenburg 

1 

42 i 

1 68 

2.53 

82-8 ' 

4 

X Hindenburg . . 

1 

80 

1.38 

2 67 

5-16-1-4-1-2 . . 1 

3 

X 11-1-25 

2 

88 i 

1 75 

2.72 

HC15 

2 

X 5-14-8-1 

4 

93 

2 37 

2.86 

13-1 

5 

X Hindenburg. 1 

1 

84 

1 51 

2.86 

13-1 

5 

X 5-10-1 

3 

67 

1.36 

2.02 

Triumph 

5 

X JubeL 

2 

70 

1.30 

2.95 

U-1-^2-18 

5 

X 5-10-1 

3 

10 

2 14 

3.00 

Early Ohio 

5 

X 5-14-8-1 ... 

4 

37 

2.05 

3 50 

Triumph 

6 

X 5-14-8-1 .. 

4 

70 

2 30 

3.39 

5-l(H3-4 - 

3 

I 

X 11-1-3-2-18. .. . 

5 

54 

2.68 

.35 


2 X 8. E. of difference 


.54 
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ASSOCIATION BETWEEN THE P FACTOR AND RESISTANCE TO SCAB 

Tlio possible assoeialioii between the plant color factor P and scab 
i*esistance was studic^l in crosses. A susceptible P^^ clone was 
eross(‘d with the clont' 5-10-1, which is classified as of breeding type 
:i. Th(‘ Pp.^ plants from tlu' Fi were then crossed with plants. The 
results an^ presentc'd in table 7. The separation of the P and p plants 
is easy and accurate'. By having the red color factors, cither E or R, 
pre'sent, the plants w ith p have r(*d and the plants with P have', purple 
tube'rs. It will be noted tliat the' plants with purple tubers (P) had 
a higher mean scab rating in all the e*rosse^s exce'pt one. The differ- 
ences in mean se*ab rating are* too small to bei significant e^xcept in a 
cross of Russe't Rural by 5 ~ 1 0 -~ 29 . Wlien all the crosses arc considered 
the' differences b(‘ce)m(' highly significant. 


Table 7 — 'Mi cm nrab ratings of P and p plantx tn Id crosses 



l*an*nt& of cross 


Plants witlj purple 
tubers CP) 

Plants with red 
tub<.*rs (p) 




1 

NumlMT 1 

Mean scab 
rating 

Number 

Mean scab 
rating 

70 -J. 

X 5-10-29 


; ; 

2 (H) 

17 

1.47 

77-8 

X r>- 10-29 


18 ' 

1 78 

15 

1.07 

77-9 

X 5-10 29 


42 { 

2 02 

37 

1.95 

70 1 

X 11 1 - 


14 I 

2 05 

0 

2.00 

77-S 

X ll-l . 


9 : 

1 89 

11 

2.00 

77-9 

X 11-1. 


21 

2 42 

30 

2.39 

70-1 

X 12-2 


20 , 

3 21 

0 

1 60 

77 S 

X 12-2. 


15 

2.40 

11 1 

1.64 

77 9 

X 12-2 . 

1 

17 ! 

2.59 1 

13 i 

2.48 

77"8 . . 

X 4 5-5 - 

.1 

:u) • 

1.80 1 

! 30 i 

1 73 

Hiissfl liural 

X 5- 10-29 


45 : 

2 73 1 

i 27 i 

1 93 

Do 

X 5-10-1- 


29 

3 50 j 

1 48 ; 

2.97 

Do 

X 5-14-.^- 1 


14 i 

3 30 

1 0 

2.80 

Total or tnonii of l.'l faiinlu'-s 


281 i 

i 1 

2 49 

j 200 

1 1.99 


DISCUSSION 

The autotetrasomic type of inheritance in the potato limited the 
study of classifying the' varieties and selections to one based on the 
hypothesis that the' reaction to scab was influenced sufTjciently by one 
ge'ue to allow a grouping of thematerial into the five possible genotypes. 
In classifying the se'gregates of the cross betAveeu Accession 123 and 
Lookout Mountain, the principal reliance was placed on the means of 
tlie'ir si'xual progenies. For in interpreting the re'sults of progeny 
tests, it is iH'cessary to reme'iuber that scab is a disease caused by a 
pathogen comprising many physiologic races and that the extent of 
infection is influenced by factors such as temperature, moisture, pH, 
aud th(' stage of maturity of the plant. The use of the type of pustule, 
rather than the extent of scabbed surface, reduces the variability 
caused by these factors to some extent, but the variation is still too 
large to utilize a phenotypic classification of the individuals within 
the progenies. 

Assuming that at least five genetic groups were present, the segre- 
gates of the cross between Accession 123 and Lookout Mountain were 
separated in the regions of the greatest discontinuity of their sexual 
progeny means into five groups designated as breeding types. The 
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distribution of individuals wdtliin the sexual progenies of each breed- 
ing type was found by the yf test to be significantly different from 
any of the other types. 

The five brec^ding types were assumed to represent the following 
genotype's Sc^sc, Se 2 SC 2 y Sescz, and sCi; and the parent genotypes 
were assumed to be, for Accession 123, SczSCf and for Lookout Moun- 
tain Sese^. The observed distribution in the Fi, F2, and F3 was found 
to be in fair agreement with that calculated from the above liypothesis. 
This study appeared to justify an attempt to classify the breeding 
material from the scab reaction of their sexual progeny into breeding 
types. In making this classification, consideration was given to 
regions of discontinuity in the progeny means, to reactions of sexual 
progenies tested under more than one level of infection, and to the 
reaction of the sexual progeny of the segregates from a selfed line of a 
variety or selection. Furtlier studies will undoubtedly suggest 
shifting some varieties and selections to groups different from those 
in which they are now located. These groups are not considered to ho 
homogeneous, for the reactions to scab obtained from isolates of the 
sexual progenies of individuals classified in breeding types 1 and 5 
indicate that these individuals are probably not homozygous for all 
factors influencing scab reaction. The results obtained from crosses 
between types agree reasonably well with the reactions to scab of the 
selfed progenies. The data indicate that testing varieties and selec- 
tions by crossing would be of value when large difference's are present . 
The data also supplied information on the breeding behavior of the 
Early Ohio, Triumph, and Warba varieties from which selfed seed 
was not available. The association obtained betwe^en the P factor 
and reaction to scab suggests that a major factor is present in this 
chromosome group, for as the experiment was vset up, only the influenct' 
of a gene or possibly a number of genes in the sim])lex condition was 
measured. 

' SUMMARY 

Starting wnth the assumption that the type of inheritance in the 
potato was aiitotetrasomic and that the diflerence observed in reaction 
to common scab was principally due to the influence of one gene, the 
segregates obtained from the Fi, F2, ancl F3 generations of a (*ross be- 
tween Accession 123 and Lookout Mountain were classified into five 
breeding types. The separation w^as made in regions where the mean 
scab reaction of the sexual pi*ogenies showed the greatest discon- 
tinuity. The distribution of the segregates of the five breeding types 
in the Fi, F2, and Fs generation approached that calculated on the 
hypothesis that Accession 123 was triplex and Lookout Mountain was 
simplex for a gene Sc influencing reaction to scab and that the five 
breeding types corresponded to the genotypes Sc^sCy SC 2 SC 2 , 
Scsc^f and SC 4 . 

One hundred and eighteen varieties and selections of heterogeneous 
origin were classified iibm sexual progeny tests into five groups cor- 
responding to the above breeding types as follows: 

Type 1. The variety Hindenburg. 

Type 2. Seven selections and the variety Jubcl. 

Type 3. Forty-two selections. 

Type 4. Thirty-one selections and the variety Earlaine. 

Type 5. Thirty- four selections and the Chippewa variety. 
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Hindenburg, which was classified in type 1, gave a progeny from 
wliich two segregates were isolated whose sexual progeny gave a 
significantly higher mean scab reaction than the progeny of Hinden- 
burg. 

Crosses between types gave progenies whose mean reaction to scab 
was in general agreement with the reaction of the selfed progenies of 
the parents. The fCarly Ohio, Triumph, and Warba were classified 
in type 5, from the mean scab reaction of the crossed progenies, 
obtained when these varieties were used as female parents. 

An association between the color factor P and the mean scab reac- 
tion was observed in a study of 13 crosses. The mean scab reaction of 
the P and p plants for the iS crosses was 2.49 and 1.99 respectively. 




USE OF THE PENETROMETER FOR DETERMINING THE 
FIRMNESS OF FATTY TISSUE OF HOG CARCASSES ‘ 

l^y U. L. Hineh, assislant animal husbandman, and O. G. Hankins, senior animal 
husbandman, Animal Husbandry Division, Bureau of Animal Industry, United 
States Department of Agriculture ^ 

INTRODUCTION 

An accnraio, moderately rapid, readily applied, and inexpensive 
nndliod for detc^rminin^ the firmness of fatty tissue of chilled meat- 
animal carcasses would be of value to research workers concerned 
with the (juality of meat, especially pork, in which there is mucli 
vai’iation in firmness. Furthermore, it is possible that such a method 
would be useful under commercial conditions. 

Several methods have been used for determining; the firmness of 
animal fats or foi* d(‘termining the factors closely related to firmness. 
Amon^ them an* the manual test involving human judgment, the 
r(*fractive index, iodine numlxT, and the melting point. The manual 
test, as developed and applied by the Bureau of Animal Industry to 
(he fatty tissue of hog carcasses, provides for the use of five degrees, 
or gradi'S, of firmness —hard, medium hard, medium soft, soft, and 
oily. Th(‘ chief objection to this method is the error introduced by 
the human factor. The error may be reduced (*onsiderablv by having 
a cornmitti'e of qualified judges. This is customary in research but 
is s(ddom done in commercial w’ork. It has been shown ^ that a close 
relation exists between grade of firmness and refractive index, as well 
as bt‘tween the former and iodine number. In the case of melting 
point, the relation was found to be less close. Other analyses have 
substantiated these findings. Values for 200 samples, representing 
40 (*ach of the 5 grades of firmness, gave the following coefficients of 
corndation: ^ Firmness grade and refractive index, — 0.000 ±0.004; 
firmness grade and iodine number, —0.899 ±0.009; firmness grade and 
melting point, +0.788±0.018; refractive index and iodine number, 
+0.9G0±0.004. 

Since there is little difFerence between refractive index and iodine 
number as a measure of firmness, the former has been extensively 
used by the Bureau as a routine laboratory test because of the greater 
rapidity and economy with which it can be determined. However, 
this method, as well as the iodine-number and melting-point tests, 
requires relatively expensive laboratory facilities and is rather time 

» Rc«»/ivo(! for publlwition Janimry 24. 1941. This work was conducted in cooperation with the Animal 
Nutrition Division of the Bureau, . 

J Aoknowledt^ment is made to Mrs. Edna V. Steely for a.ssLstancc in the statistical calculations 

’ Hankins, O. O., and Euj.s, N. R. somk uesults of soft-pork investuiations. U. S, Dept. Agr. 
BuL 1407, 68 pp,. Ulus, im, 

Elus. N. R., and Zeller, J. H. some results of soft-pork investi(Jation.s, n. U. S. Dept. 

Agr. Bui. 1492, 60 pp., illus. 1928. . . « 

* The refractive indexes, iodine numbers, and melting points of those samples were determined by N. R. 
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consuming. Consequently an investigation of the possible merit of 
an instrument known as a penetrometer for measurir^ the firmness of 
chilled fatty tissue was believed to be desirable. This instrument has 
been used by scientific and commercial agencies with considerable 
success to determine the firmness of certain foods, such as cakes and 
jellies, by measuring the depth that a needle of specific size and 
l)liintness will penetrate under a standard load during a specific time. 
It was felt tliat the manual test for firmness and the penetrometer 
determination involve the same principle. The objects of the study 
reported in this paper were to determine the usefulness of the pene- 
trometer for measuring the firmness of fatty tissue of chilled hog 
carcasses and to establish tentative grade limits in terms of pene- 
trometer readings in order that individual carcasses may be classified 
with respect to firmness. 

EXPERIMENTAL PROCEDURE 

Fat samples from the carcasses of 188 hogs slaughtered in the 
spring and fall of 1938 and the spring of 1939 in various projects 
conducted at the United States Department of Agriculture, Beltsville 
Research Center, Beltsville, Md., were used in the present experi- 
ment. After being chilled for approximately 72 hours at a tempera- 
ture of 33° to 35° F. (0.56° to 1.67° C.), the carcasses were gi*aded 
for firmness by a committee of three qualified judges. The designatc'd 
grades W(»re hard, medium hard, medium soft, soft, and oily. The 
range in firmness of the carcasses was too narrow to provide good 
representation for all 5 grades. One of the writers, therefore, visited 
a commercial packing house in the spring of 1939 and selected 163 
carcasses from whicli supplementary samples were obtained. He 
graded the carcasses and, on returning to Beltsville, graded the 163 
samples with the assistance of 2 other experienced men. From the 2 
sources mentioned, samples were procured from carcasses graded as 
follows: 116, hard; 70, medium hard; 49, medium soft; 65, soft; and 
51, oily. 

In each instance the sample of fatty tissue was removed from the 
carcass along the middle of the back according to the method des(‘rib(‘d 
by Hankins and Ellis.^ The skin was then removed, and the sample 
w^as squared and trimmed to the properHength to fit the sample box, 
which had inside dimensions of 3 by 3 by 1 inches. Immediately 
prior to testing, a thin slice was removed from the median side of the 
fat sample in order to provide a fresh, undried surface, and the sample 
was placed in the box with the surface upward. Figure 1 shows a 
sample ready to be placed in the box and another sample in the box 
ready for testing. No cover or weight was used to hold the sample in 
place; to keep it from slipping sideways in the box, pieces of fatty 
tissue w’^erc packed around it. Care was exercised not to put, on the 
sides of the sample, any pressure that might influence the depth of 
penetration of the needle. 

The penetrometer needle used was 3 inches long with the working 
end 0.15 inch in diameter. The rounded point represented a radius 
of 0.075 inch. The total weight of the ne^e, the test rod that held 
it, and added load was 255.65 gm. With the aid of the mirror attached 
to the penetrometer the technician adjusted the working unit, consist- 

«HaNKIN 8« O. O., and Elus, N. R. See footnote 3. 
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iiig of the needle, test rod, and added load, so that the point of the 
needle barely came in contact with the sample. The weight of 255.65 
gm. was then allowed to force the needle into the sample for 15 sec- 
onds. Three pc^netration tests were made on the outer layer of back 
fat and three ti‘sts on the inner layer, and the average of the six deter- 
minations was record(»d as the value for the sample as a whole. Pene- 
tration was determined in tenths of a millimeter and at a sample and 



FiciURK 1. -- Peiiolromoter used in iiiaking d(‘toriiiinaiit>ns on the fatty tissue. A 
sain])lo is b(‘iug te.sted, with another sample, at the left, ready for testing. 


laboratory temp(‘ratiir(' within the range of 33^^ to 35° F. (0.56° to 
1.67° CX 

After the pem^tromeler tests had been made the samples were ren- 
dered at 230° to 239° F. (110° to 115° C.) and filtered. Refractive- 
index values of the fat were tlien determined at 104° F. (40° C.).® 

USEFULNESS OF PENETROMETER FOR DETERMINING 

FIRMNESS 

It is shown in table 1 that as firmnovss decreased from hard to oily 
the depth of penetration of the needle increased for both the outer 
and inner layers of back fat. On an average, for the two layers 


«The rofmcUve-iiKicx viilu<»s for study in ndation to ponotrometor (Jeterminntions and firmness grades 
wero delorminod by Willard E. Folland of the Bureau 
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there was a difference of 00.3 units, or 6.03 rnin., between the greatest, 
and least depths of penetration. For the hard and medium-hard 
grades there was slightly greater penetration into the outer layer than 
into the inner layer of back fat. On the other hand, for the medium- 
soft, soft, and oily grades, the greater penetration was into the inner 
layer. 


Table 1.— range ^ and nlandard deviation of penetrometer determinations^ 

and refractive indexes of fat samples representing five degrees of firmness 




Penetiometer <k*terminations, in tenths of 

Refractive index 




,•% millimeter 





(’’urnrnittoo flrin- 
ness ijrade 
(manual tost) 

Num- 







her of 
sam- 

,.10.S 

Outer , Inner ! 

1 ; hack fat 

Ranjje * 

Stan- 
dard 
devia- 
tion 2 

A verape 
of outer 
and inner 
Uv.\ ers of 
ba^'k fat 

Ranpe 2 

.... ' 

.Stan- 
dard 
devia- 
tion 2 

Hard 

116 

1 i 

20 8 1 16.4 { IK. 6 

1(M2 

5. .3 i 

1. 4.505 

1.4.580-1.4602 ! 

0 (K)03 

Medium hard 

70 

27 ti ; 24 6 ! 26 1 

11-45 

8 I 1 

1. 4601 

I 1.4502 1 4611 1 

fKMM 

Medium soft 

40 1 

i 37.0 1 44 0 ; 41.4 

10-50 

! 0.6 : 

1.4607 

1.4,505 1 4015 , 

0(H)5 

Soft . i 

! 65 

46 4 1 74 0 ; 60 2 

20 06 

14.4 1 

1 4615 

1 45OH l.4(«l 1 

0IM)6 

Oily 

51 ' 

56 4 1 101 4 ' 78 0 

48-100 ' 

' 1 

11 7 

1 1622 

1 461<M 4632 ' 

IK)03 


1 Condition^ of evpiTinuMH Radius of point of nmiUs O.OTfl inch; total weight of neodlo and added loa<l. 
250 65 grn , period of penetration of needle, 15 s<*eonds 

2 Rojiresenth values for average of outer and inner layers of bark fat. 


Table 1 also shows for each firmness grade the range and standard 
deviation of the penetrometer determinations. Similar data are 
given for refractive indexes. Between the medium hard and hard 
grades, medium soft and medium hard, soft and medium soft, and 
oily and soft, respective differences of 7.5, 15.3, 18.8, and 18.7 units in 
depth of penetration were found. The corresponding diffeuTiices in 
refractive index were 0.006, 0.006, 0.008, and 0.007. 

Also it is shown in table 1 that within each of the five groups of 
samples, classified according to committee grade for firmness, con- 
siderable variation occurred in the depth to which the needle 
penetrated. Likewise, rather wide variation in refractive index 
witliin the grade is indicated. Figure 2 shows graphically the variation 
of penetrometer determinations within the grade. Standard devi- 
ations for the soft and oily grades are larger than those for the hard 
grades. 

A calculation of coefficients of correlation for data obtained by 
a committee of judges using the manual test for firmness, the penetrom- 
eter determinations, and the refractive-index^ values sliowed the 
closest relation between the committee grade for firmness and refractive 
index, the coefficient being —0.917 ±0.006. The next highest coeffi- 
cient was —0.905 ±0.007, representing the correlation between 
committee grade for firmness and penetrometer determination. The 
negligible difference between these relationships indicates that the 
refractive index or jienetrometer determination may be used witli 
equal satisfaction in measuring firmness. Between refractive index 
and penetrometer determination the correlation was ±0.878 ±0.008. 
Figure 3 is a scatter diagram for this last-mentioned relationship and 
shows also the regression line. 

As previously stated, committee grade is not an exact measure of 
firmness since some error due to the human factor is involved. More- 




Fiouke 2 -Froquencv distributions of firmness determinations made on hard, 
medium-hard, medium-soft, soft, and oily samples of fatty tissue, on the basis 
of depth of penetration bv penetrometer. For caeh distriimtion the mean tM' 
and standard deviation of the penetrometer determinations are shown. 
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over, it is possible tliat the standards of firmness of the traders are 
subconsciously changed from time to time. In support of this point 
tliere are indications that in the work at Beltsville, during a period of 
20 years, there lias been a slight tendency to lower this standard of 
firmness. This is shown by comparison of the average refractive-index 
values in table 1 of this paper with those of Hankins and Ellis,' table 1 . 
If there wt^e no error in the committee grades and if the same principle 
were involved in the manual and penetrometer tests, the correlation 
between committee grade and ])enetrometer determination would 
ap})roach 1 very closely. 

ESTABLISHING TENTATIVE GRADE LIMITS IN TERMS OF 
PENETROMETER READINGS 

With overlapping of grades, as indicated by ])enetrometer determina- 
tions or any other constant , and a lack of homogeneity of the variances^ 
in the five groups, the investigator is confronted with a somewhat 



Figure 3.- * Scatter diagram and regression line of r;fraoti\ e index and penetrom- 
eter determinations as indication of firmness of 351 sam])le> of hack fat. 

perplexing problem in attempting to designate firmness grade limits. 
After considering several possible procedures in the study rei>orted 
here, tlie writers reached the conclusion that the averages of pene- 
trometer determinations for each of tlie live grades and the ios])ective 
standard deviations should be used as a basis in establishing the 
tentative limits for these grades. After accepting 18.6 and 26.1 as 
means and 5.3 arur8.1 as standard deviations (table 1) for hard and 
medium-hard samples, respectively, the problem was to designate the 
most ptisfactory maximum determination for the former grade and 
the minimum determination for the latter. It seems obvious from the 
foregoing that samples 'wdth penetrometer determinations 19 and 20 
would be classified as hard, whereas those with determinations 25 and 
24 would be classified as medium hard. Samples with intermediate 
determinations 21, 22, and 23 are as yet unclassified. Table 2 shows 


’ Hankins, O. G., and Euis, N. li. Rwtnote 6, 

8 For the method employed s<*e pp. 20(> 207 of Snkdbcok, Oeoac.e W. statistical metrods ai»- 
PLIED TO EXPERIMENTS IN A(miCULTUBE AND HIOUMiV. Ed », 422 pp., illUS. UMO. 
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the deviations of each of these three determinations from the two 
rneans and the proportion of oHch deviation in terms of the correspond- 
ing standard deviation. 

1'able 2. — Deviations of penetrometer determinations * of 21 y 22 y and 23 from the 
ineans for hard and medium-hard grades and the proportion of each deviation in. 
terms of the corrts ponding standout deviation 
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As shown hy tlie table, in the case of the penelronieter determina- 
tion 21 its deviation from the mean for hard samples is only 45 percent 
of the standanl d(‘viation of such samples. On the other hand, its 
deviation from the mean for medium-hard samples is ()4 percent of the 
standard deviation for samples of that grade. In view of the greater 
probability of the value 21 falling witliin the standard deviation for 
the hard grade, one ^vould be justified in assigning it to that grade 
rather than to medium hard. Further comparison of the percentages 
in the third and fifth columns of table 2 indicates that tlie determina- 
tions 22 and 28 should be included in the latter grade. Therefore, 
the ])enetrometcr determination 21 is otfered as the tentative upper 
limit of the hard grade, whereas 22 is offered as the tentative lower 
limit of the medium-hard grade. 

With the same ])rocedure, the upper limit for medium-hard graile 
and limits for the other grades were determined. The proj)osed limits 
for the five p*ades are as follows: Hard, 21 or less; medium hard, 22 
to 88, inclusive; medium soft, 34 to 48; soft, 49 to 70; oily, 71 or more 

SUMMARY AND CONCLUSIONS 

Study was made/f^f 351 back-fat samples from hog carcasses that, 
had been chilled for 72 hours at 83® to 35® F. (0.50® to 1.07® C.) to 
determine the usefulness of a penetrometer for measuring their 
firmness. Another object was to establish tentative grade limits in 
ti*rms of the penetrometer determinations for each of five^ degrees of 
firmness -hard, medium hard, medium soft, soft, and oily. A 
[)enetrometer of standard type designed to detei’iiiine firmness or 
consistency of foods and other materials was employed. The pene- 
trometer lUH'dle was 3.0 inches long and 0.15 inch in diameter. The 
radius of the rounded, working point of the needle was 0.075 inch. 
A weight of 255.65 gm. and a time interval of 15 seconds were used. 
Penetration was determiiu'd in tenths of a millimeter. The study was 
conducted in 1938 and 1939 at the United States Department of 
Agriculture, Beltsville Research Center, Beltsville, Md. 

The average penetrometer determinations for the back-fat samples, 
divided into the five degrees of firmness by a committee of three 
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qualified judgi'S, hioreasod from 18.6 for hard to 7S.9 for oily samples. 
This represents a diffei'ence of 00.3 units of measurement., or 0.03 mm. 
Avcrajie refractive-index readings for these samples also showed an 
inerc'ase— from 1.4595 for hard to 1.4622 for oily samples. 

C^orrelation cocfficiimts showed that a close relationship existed 
between (1) the committee grade for firmness and penetrometer 
determination, (2) committee grade for firmness and refractive index, 
and (3) penetrometer determination and refractive index. 

For the several grades of firmness the following limits in terms of 
penetrometer determinations have been established tentatively; 
Hard, 0 to 21, inclusive; medium hard, 22 to 33; medium soft, 34 to 
48; soft, 49 to 70; and oily, 71 or more. 

It is obvious that the depth of penetration for any given degree or 
grad(‘ of firmness depc'nds at least on the shape and size of the mu'dlc 
point, the weight of the working unit, and the period during which 
the needle is allowed to penetrate into the sample. By changing one 
or more of these three factors possibly more useful grade means and 
limits could be established. That is a problem for future study. 



THE HEMICELLIILOSES OF SUGARCANE FIBER 
(BAGASSE)* 


J/- I^avib, jimior chcminl, and Max Phillips, senio- chemist, Agricultural 

Chemicnl Hetiearch Division, Bureau of Agricultural Chemistry and Engineeringy 

United Stales Di parltnent of Agriculture 

INTRODUCTION 

Altlu)u<jjh that fraction of the carbohydrates of plants which 
Scliulze (l(‘si^nat(‘d as ^‘luanicellulost^s^’ has becai investigated 

by (*h(‘inists for about 50 years, the clnanistry of this class of substances 
js still in a ratluu’ confused stat(‘. A brief review of the chemical 
literature on h(Mnic(‘lluloses has been given in two previous papers 
(10, If)) published by this Bunaiin For a more ext(Uisive critical 
resume of the literatim', the reader is referred to a book by Norman (8). 

Th(*re is considi'rable information in the literature on the chemical 
composition (as (h‘t(‘nnin(‘d by conventional methods) of sugarcane 
(Savcliiinm ojfiv Inara in) fiber (bagasse). The composition of the 
lieini(‘(‘llulos(‘s of this sul)stanc(', however, has Ixa'ii the subject of only 
two (‘hemical (‘xaiiiiuations. l^rinstai (leculigs (12) isolated the herni- 
c(*llulos(‘S of bagasse in an impure stati' by extraction with cold 
5-p(‘rc(‘nt aqiK'ous sodiuin-hydroxidt' solution and precipitation with 
ac(‘tic acid aud alcohol. Upon hydrolysis with boiling 2-percent 
sulfuri<‘ a(*id, the dark gummy mass yielded a sugar that had a specific 
rotation of +2t)^ and was undoubtedly xylose. Tn addition to this 
sugar, then' W(*n* indications that in the hydrolysate there was 
j)robably pn'si'iit “anotln'r sugar with a high(‘r rotatory power, perhaps 
arabinosi' or dextrosi' ])roc(‘(‘(iing from the hydrolysation of cellulose.” 

Browm' (2) digi'sti'tl sugarcane bagasse (which liad bc'cn freed of 
sugar) for hours in a boiling whaler bath with 5-percont acpK'ous 
sodium-hydroxidt' solution, concentrated the aklaline extract to one- 
third of its original \olume, and precipitated the crude hemicelluloses 
with ethanol. This cruih* material was thoroughly ground up in a 
mortar witli an (‘xcess of alcoholic hydrochloric acid, then was washed 
with S()-[)(*rcent ethanol until free of acid, and finally was washed with 
95-p('rcent (‘thanol and t‘ther. On hvdrolysis with 4-percent hydro- 
chloric acid, the product alforded J-xylose, together with a small 
quantity of /-arabinose. 

The investigation reported in this paper was undertaken for the 
pur])os(‘ of (h'le'rmining the character and composition of the hemicellu- 
loses of sugarcam* filx'r (bagasse) by nu'thods recently developed. 

METHODS AND RESULTS 

A (luantity of sugarcane (variety Co. 281) from the' field head- 
quarters of tiie Bureau of Agricultural Chemistry and Engineering at 
the United Stutes Sugar Plant Field Station, Houma, La., was crushed 
in a small laboratory mill, and the bagasse was cut into small pieces, 

» }<ec(*ived for publication February 1941. 
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dried in a steam drier, and then air-dried. A portion of this was 
ground in a Wiley mill lino enough to pass a 6()-mosli sieve and dried 
in the oven at 105® C. The following constituents were d(‘tormined 
(in perc(*nt):^ Ash, 2.37; nitrogen, 0.24; iironic acids (as anhydrides), 
4.1; pentosans, 22.0(); mcthoxyl 2.46; lignin, 9.09; mcthoxyl in ash- 
frt*e lignin, 15.9. (All results, except the percentage of ash, were 
calculated on the basis of oven-dried and ash-free matc'xial. The 
])er(‘entage of ash was calculated on the basis of oven-dried material.) 

Th(‘ bulk of th(' air-dried bagasse was extracted for 30 hours with 
a 1:2 alcohol-benzene solution in a continuous extraction apparatus. 
The extra(*ted matcjial was luxated on th(‘ steam l)ath until free of 
solvent and then ground in a Wiley mill fin(‘ enough to pass a 60-mcsh 
sieve. To 800 gm. of the (‘xtracded bagasse (795.2 gm. of moistur(‘- 
frec material), 8 liters of hot wat(u* (85® (\) was ad(h‘d. The mixtun*, 
stirred mechanically, was digested for 2 hours at 85® V. It was them 
filtered, and tlu' r(*sidual material was again digest(‘d with hot wat(‘r 
under th(‘ (‘onditions just des(‘rib(Ml except that the dig('stion ])('ri()d 
was incr(*as(Hl to 16 hours. IMie aqueous extracts were combinc'd, 
filt(U-ed, and comauitrated und('r reduced ]>ress\ir(' to approximately 
1 liter. To the concentrated extract was added 3.5 volumes of 95 
percent (dlianol. The precipitate was filtered off, washed with graded 
stnmgths of ethanol,^ and dried in vacuo over anhydrous calcium chlo- 
ride. The precipitate weighed 10 gm. 

The bagasse that had been extract(‘d with hot wat(‘r was trial ted 
with 10 times its weight of hot (85® C.) 0.5-pt‘rcent aqiu'ous ammo- 
nium oxalate solution, and the mixture was digested for 24 hours at 
85® (\ During part of this dig(‘stion period the naiction mixtun' was 
stirred mechanically. It was then filtered, and the liltrate obtained 
in this I'xtraction ofieration, like that from the pri'vious one, was con- 
centrated under reduced pressure. To the conciuitrated solution 3.5 
volumes of 95-percent otlpinol, wdiich had Ixuui acidified with Indro- 
chloric acid, w^as added. Tlu^ preiupitate was sejiarated with the aid 
of the centrifuge, washed with 75-p(*rcent ethanol until fna' of oxalate, 
and finally was washed with graded strcuigths of ethanol and with 
ether. It was dried in vacuo over phosphorus [lentovide in the 
Abderhalden drier at 56® C. The crude pectin thus obtained wudght 
7 5 gm. 

PARTIAL DELIGNIFICATlON 

The bagasse that had been extracted with 0.5-pcrcent ammonium 
oxalate solution was w^ashed with cold water and then treated with 10 
times its dry weight of an alcoholic sodium hydroxide solution (made 
by dissolving 20 gm. of sodium hydroxide in 150 cc. of water and 800 
cc. of 95-percent ethanol). The mixture was digested at room tem])er- 
ature for 24 hours, during which it was stirred intermittently with a 
mechanical stirrer. The plant material was filtered off and digested 
twice with alcoholic sodium hydroxide, as previously described. 
The combined alkaline alcoholic extract was neutralized with hydro- 
chloric acid, and the solution was concentrated at 50® C. under 

» Ash was (letormined l)y burning the sample in an electric muffl'j at 600® O. Nitrogen was tietormined 
by the Kjeldahl-Gunnuig -Arnold method, and pentosans by the Tol!ens*Krdh(*r prooeiure, as describe i by 
the Association of Official Agricultural Chemists (I). The uronic acids were determine 1 accirding to the 

B rooedure recommended by Dickson, Otterson, and Link (t), as modlflei slightly by Philllos, Goss, and 
irow’ne (I/). The percentage of mcthoxyl was determined by the method described by Phillips (9). The 
methyl iodide was absorbed in pyridine. Lignin was determined by the method of Goss and Phillips U)* 

< The term “graded strengths^' of ethanol as used In this paper means 70-poroent, Sihiwjrocnt. 95-percent, 
and absolute ethanol. 
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r(‘(luco(l prossuro. TIu' concontraied solution was acidified with 
liydrochloric acid, and the ])recipitated lij^nin was filtered off, washed 
witli water until free of acid, and then dried in vacuo at 00° C. The 
yield of li^niin aniount(*d to 33 ^m. It was a y(‘llow amorphous mate- 
rial. No furfural was obtained when this lipiin was distilled with 12- 
perccait hydrochloric acid. 

The filtrat(‘ from th(‘ lignin ])reci])itate was muitralized with sodium 
hydroxide solution and (*vaporat(‘d to dryness on tlie steam bath. 
When the residin' was distilled with 12-percent hydrochloric acid no 
furfural was obtained, indicating that in all probability th(‘. method 
of delignification us('(l did not result in tin' removal of any of the 
furfural-yi(‘lding constit iu*nts. 

ISOLATION OF THE (’HUDK HEMK'ELLULOSES 

The n'sidual bagasse from the delignification operation described 
above was h(‘at(*d on tin', sbann bath until the alcohol had evaporated. 
It was tin'll mixed with sufficient o-iiercent a(jueous sodium hvdroxide 
solution to lualvi' a thin sus]n‘nsion, and the inixtun' was allowed to 
disri'st at room t('m])eratiin' for 24 hours. Tin' reaction mixture was 
stirn'd from tinn' to tinu'. At tin' end of tin' 24-hour period, the 
mixtun* was filti'red, and the digc'stion of the n'sidual material with 
r)-p(*rc(‘nt acjiu'ous sodium hydroxide solution was ri'peated throe 
times. To the combined alkaliin' extracts 3 volumes of 95-percent 
ethanol was addl'd, and the ])re(*i])itated In'inicelluloses were separated 
with tin' aid of tin' c('nt]*ifug('. The product was washed with ethanol, 
to whicli a little* acetic acid had bi'i'ii added, until free of alkali and 
was tin'll washed with ethanol alone and finally with ether. The 
heiuicellulos(‘ ])re])aration w as ilried in vacuo over anhydrous calcium 
chloride, whicli fri'i'd it from most of the ethanol and ether. It w'as 
then moistened with an (*(jual weight of water and chlorinated for 1 
hour, the ])roc('dur(' di'scribed in a pri'vious publication (Jo) being 
generally followed. The chlorinated product was mixed with enough 
95-})<*rcent ethanol to form a thin suspension, the mixture wuis w’ell 
shaki'ii, and the alcohol was separated with the aid of the centrifuge. 
To tin* n'sidual mati'rial a 3-pc'rcent ethanolamine solution in 95- 
])erc<*nt ethanol w as added, and the mixture w as heated for 10 minutes 
uiuh'r a reflux condenser in a water bath maintained at 80° C. The 
reaction mixture was allowu'd to cool to 50° C. and then was centri- 
fuged. The supernatant liquid w'as drawm olf, and the extraction 
with etlianolarnine solution was repeated. The extracted hemicel- 
luloses, after being washed with 95-perc(*nt ethanol, were suspended 
in a 5-pcrcent aipieous sodium hydroxide solution and precipitated 
by the addit ion of threi* volumes of 95-])ercent ethanol. The hemicel- 
luloses were se])arated with the aid of the centrifuge, washed wdth 
neutral 70-percent ethanol, then with 70-p(*rcent ethanol acidified 
with aci'tic acid, and again with neutral 70-percent ethanol. The 
material was then w^aslied with graded strengths of ethanol and 
finally with anhydrous ether. 1 1 was dried first in a vacuum desiccator 
over anhydrous" calcium chloride at room temperature and finally in a 
vacuum oven at 40° C. The yield amounted to 1 1 7 gin. An analysis 
of this product gave tlie following results (in percent): Ash, 1.58; 
nitrogen, 0.03; uronic acids (as anhydrides), 4.96; p(*ntosaiis, 95.36; 
lignin, 0.20; methoxyl, 0.50. (All percentages except that for ash 
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were calcula.t(Hl on tlie basis of moisture-free and ash-free material. 
The percentage of asli was calculated on moisture-free material.) 

HYDROLYSIS 

Tn a ])r(»liminary (‘xp(*riment th(‘ hcmic(‘llulose pn^paration (35.4 
^m. of moist ur(‘-fr(*(* and ash-free material) was tr(*ate(l with 2,0f)() 
cc. of 2.5 })ercent sulfuric- acid, and the mixture was boiled under a 
reflux cond(»ns(‘r for 15 hours. The nuiction mixture was allowed to 
cool, and the dark insoluble mat(U*ial was filtered off. To the filtrate* 
approximat(*ly nine-t(‘nths of the cal(*uhit(*d cjuantity of barium 
hydroxide* solution was added slowly, while the reaction mixture was 
stirred mechanically and the t(‘mperature was maintain(*d at 40^ C. 
An excess of powdered barium carbonate was then added, and tlu* 
mixture was heat(*d at 70° C. until the acid was completely neutralized. 
Some decolorizing (*arbon (Norit) was then addeel, and the mixtun* 
was heated for another 15 minutes. It wuis then filtered, the insolubU* 
mat(*riaJ was wuished w ith hot water, and the w ashings wu*r(* added 
to the main filtrate. The filtrate wuis concentrated to a volume of 
approximately 150 cc. under reduc(*d pressure at a t(*mperatur(* not 
exceeding 50° (\ The conc(*ntrat(*d solution was [mured slowly, with 
stirring, into four volumes of absolut(* ethanol. The })reci[)itat(*d 
barium salt was separated with the aid of the C(*ntrifuge. Aft(*r tlu* 
clear supernatant liquid was drawn off, tlu* barium salt, wuis waslu'd 
with absolute ethanol and with anhydrous (‘lh(*r and was then dri(*<l 
in vacuo over sulfuric acid. The dried material W'(‘ighed 1.2 gm. 

The filtrate from tin* barium salt was d(‘coloriz(‘d with caibon 
(Nor'it) and conc(‘ntrated und(*r reduc(*d pr(‘ssure at 50° (\ to a thin 
sirup. This W'as pour(‘d, with stirring, into 4 volumes of absolute 
ethanol, and only a slight [)recipitate was produc(*d. The al(*oholic 
solution was centrifuged, and the clear su])ernatant li(iuor se])arat(‘d 
from the small (juantity of gummy matt(‘r was again concent rat(*d 
under reduced pn'ssure at- 50° C, The sirup was aIlow'(*d to r(‘main 
in a d(*siccator over anhydrous calcium chloihh* until crystals began 
to form. It was th(*n alhnv(*d to remain in an el(*ctri(*- r<*frigerator 
until a considerable (juantity of sugar had crystalliz(‘(l out and tin* 
mixture was th(*n filtered. Tin* sugar was r(*crysta.llized from 75 per- 
cent (‘thanol, and after drying in the vacuum (h*siccator over sulfuric 
acid it W(*igh(*d 10.0 gm. This sugar was id(*ntified as rf-x>lose by its 
melting point, by the r(*fractiv('- indices of its crystals,''’ and by H<*r- 
trands method (5). Bertrand’s double cadmium salt was also identi- 
fied by determining the refractive indices of its (*rystals and com|)ar- 
ing th(*m with a known sp<mim(‘n of this salt. 

From the sirup remaining after the s(*paration of the ^/-xylose 
crystals, a diphenyl hydrazone was pr(*pared. This wuis identifi(*d 
as the diphenyl liydrazone of i-arabinose by its iindting point and 
by the optical properties of the crystals. On oxidation with nitric 
acid the sirup yielded oxjilic acid but no inucic acid or saccharic acid. 
Both the Pinoff (S) tesl for fructose and the test for mannose wen* 
negative. 

Tin* barium salt obtained in tin*, hydrolysis of tlu* hemicelliiloae 
preparation described above gave Tollens' (14) naphthoresorcinol test 
for uronic acids. On oxidation with eith(*r nitric acid or bromine 


* All Identifications by ontical methods were made by G. L. Kmian of the Microaiialytical l>ivlslon of 
the Food and Drug AdminivSlrntion, Federal Security Agency. 



Auk. \ry, JU41 lltc IJf micdluloses of Sygareane Fiber {Bcujns^e) 245 

\val(‘r, it no inucic acid, thus indicating tlu* absence of pilaclu- 

jonir* acid. TIk' l:)ariuin salt was dissolved in wal(‘r, and tli(‘ cal- 
culat(*d (|uantity (h'ss 5 ])(‘rc<‘nt) of standard sulfuric acid solution 
nHjuinul to lilx^ratt' th(‘ combined a<‘id was add('d, and the mixture 
was warrru'd for lo to 20 minutes at 00^ C. Tli(‘. barium sulfate 
was tlu‘n filt(*r(*d off, and llu' filtrat(‘ was concentrated under reduced 
|)r(‘ssur(* to 50 cc. (tlu^ tcunptuatun*. of th(‘ bath during concentration 
did not exc(*(*d 45'^). Th(‘ concentrat(‘d solution was pounal into 
200 of absolut(' (‘thanol, and the mi\tur(‘ was allow'(‘d to stand 
overnijrht, after whi(*h th(‘ (‘xc<‘ss barium uronate was tilt(‘red off. 
'rh(‘ alcoholic filli'atc* was distilled under r(‘duct*d pr(‘ssun* at a tem- 
p(*]*atur(‘ not (‘xccaalin^ 45°, and the conc(‘ntrat(‘d solution was dduUnl 
with W’at(*r to a volunu* of 40 (c. To this solution was added a 
(juantily of solid cinchonim* somcwvhat in (‘xc(‘ss of that najuinal for 
complet(* neutralization of tlH‘ acul, and th(‘ mixture' was wanmal on 
th(‘ st(*am bath for 15 minute's. The* e'xci'ss of cine‘he)nine* was fille'H'd 
off, anel the filtrate' was e'xtracte'el with two 20-e‘c. })ortie)?is of e'hloro- 
feu’in. The' aejue'ieus sedutieen wuis ce>ncent rateal in the vacuum ele'sic- 
e*ate>r o\(‘r cale*ium chle)riele‘. The' (*in(‘he)nin(* salt e)])tained W'as 
re'e'iystallize'd fre)in wate'r. It me'lti'el at 190^ (\ (e'orre'cted). When 
mixeel with some' ])ure‘ cinchonine' ^lue'uronale', the mixture me'lted 
at 1S9° (ce)rre'ct('d). It was ne)t pe)ssible‘ to (‘stablish the' iele*ntity 
e)f the' salt by optie*al met heals, bee'ause' the' I’e'fractive indie'e's of the 
crystals ed' e'inche)nine jrlucuronate' and of e'iiechonine galacturonate 
we'ri' found to be so ne'arly alike as to be indistin^uivshable. 

Tilt' brucine* salt was pi*e‘|)are‘el in a simdar mamu'r. Whe*n the 
melting [)oint of the salt was dete'rmine'tl, th(‘ fedleiwin^ was note'd: 
At ahe>ut 170'^ (’. the* mate'rial shrank aw^ay from the* sieh* eif the melt- 
in‘j-pe)int tube, anel at 19.4^ 195° (e‘orre*ct(‘d } it im*lted witheiut any 
ne)ti(‘e*at)lt‘ tle'ce)in])e)sitie)n. The* same be‘havie>r was note'd when the 
meltintr point e>f a known anel ])ure spi'cimen of brucine ^lucuronate 
w a;' eicte'rmincd. As in tlu'e'ase* e)f the* (‘iiu'honine'sall, it was impossible 
te) establish the' iele'utity of the* salt by of)tical me't heals anel for the 
same' ie'ase)n. 

It canne>t be saiei that the* ieh'utity eif the' ureinic acitl w'as ('staldishe'd 
be'vonel any de>u]>l; ne'vi'rtht'h'ss, the me'ltin" points of the Uwo salts, 
teip'the'r wdth the* faed that ne) mucic acid was obtaini'el on oxidation, 
are* strong inelie'ations that the* uronic aciel eibtained was "lucuronic 
at'id. 

A st'conel batch of hemie*ellulose, corre'spondinir to jrm. of 

moisture-free* anel ash-fre'e mate'rial, was hyelrolyzeal with 2,509 cc. 
of 2.5-percent sulfuric acid, followimj; the procealure ele'seribeal above. 
Afte'i* re'rnoval of the baritim uronate, the* alcohol was re'inoved from 
the solution uiuU'r rt'diiced pn*ssure at 50° C., after which the cou- 
ce'ntrateal suj?ar solution was diluteal w ith water to a vedume of 500 cc. 
Tlu' total r('du(*injr sufj:ars in this solution, as determineal by the method 
of Munsen and Walker (1) amounted to :^9.94 ^m. (calculated as 
glucose). When a ;i-ce*. aliquot of the sujrar solution wais distilled with 
12-p(a*(‘ent liydroeddoric acid, and the distillate was treated w ith pliloro- 
glucinol solution, following the procedure used for the determination 
of pentosans, 0.2300 of phloro^lucide precipitate was obtained. 
This is the equivalent of 20.92 gm. of furfural in the total solution. 
The su^ar solution was also analyzed for arabinose by the Wise and 
P('t('rson (16) modification of the method of Neuberp: and Wohl- 
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geinutli (7), and was found to (*ontain a total of 1.40 pn. of arabinoso. 
The porceTitagi^ of furfural afforded by the hemiecdluloso preparation, 
when distilled with 12-pereent hydroelilorie acid, was also determined. 

The analj-tieal data and the (composition of the hernicellulose prepa- 
ration ealeulated from llucse data are as follows (in p(Teent):® Uronie 
acid (as anhydrid(‘), 4.90; total furfural, 55.99; furfural from uroni(5 
acid, 0.94; Z-arabinose, .‘b70; furfural from Z-arabinose, 1.77; furfural 
from (/-xylose (by diflVreiice), 5:1.28; (/-xylose (calculated from fur- 
fural), 92.5; molar ratio of uronie acid to Z-arabinose and (/-xyl(^S(*, 
1:0.87:21.9. 

SUMMARY 

The hemic(41ulos('S vvcu'e isolated from sufrarcano filau* (bapisse) 
which had previously been freed of sugars and jXH'tin. The product 
obtained was light gray and was practically free of nitrogcmous sub- 
stance's and lignin. On hydrolysis with dilub' sulfuric acid it affordcHl 
(Z-glucuroni(*. acid, Z-arabinose, and (/-xylose in the approximate molar 
ratio of 1:0.87:21.9. 


LITERATURE CITED 

(1) Association of Official A(iRicuLTURAL Chemists. 

1935. OFFICIAL AND TENTATIVE METHODS OF ANALYSIS. Coin]>iI(Hl by 

the coinmittcc on editing inetliods of aiiHlyses. Ed. 4, 710 pp , 
illus. Washington, D. C. 

(2) Browne, C. A., Jr. 

1904. THE inDROLYTTC PRODUCT.S OF SlT(JAR-(' A \E FIBER. Amcr. Chcin 
Soc. Jour. 26: (12211-1235, illus. 

(3) Dickson, Allan I)., Otterson, Henih, and Link, Karl Paul. 

19:30. A METHOD for THE DETERMINATION OF lUtONIC ACIDS. AllH T. 

Vhvm. Soc. Jour, 52: 775- 779, illu.v 

(4) Goss, M. J., and Phillips, Max. 

1936. STUDIES on the QUANTITATIVE ESTIMATION OF LIOXIN. I. FA(’TOK.s 

AFFECTINO THE DETERMINATION BY THE FUMlNtJ H YDROCHLORK’ 

ACID METHOD. A.ssoc. Off. Agr. Chcni. Jour. 19: 341 350. 
illus. 

(5) IIaAR, A. W., VAN DER. 

1920. ANLEITUNO ZUM NACHMEIS, ZUR TRENNUNG UND BESTIMMl VC 
DER REINEN UND AUS GLUKOSIDEN USW. ERHALTENEN MONO- 
SAC(’HAR1DE UND ALDKil YD.SAUREN. . . . 315 I)p., illus 

Berlin. 

(6) Lef^vre, K. it., and Tollkns, B. 

1907. UNTEKSUCHUNGKN UBER DIE GLU( URONSATUiE, HIRE QUANTH AT1\ E 
BESTIMMUNG UND HIRE FAUBENHEAKTIONEN. T)oUt. Chcm. 

Gesdl. Bor. 40: 4513-4523. 

(7) Neuberg, C,, and Wohlgemuth, J. 

1902. UEBEH D-AKABINOSE, D-ARABONSXURE UND DIE QUANTITATIVE 
BESTIMMUNG VON ARAHINOSE. Hoppo-Sovlors Ztschr. f. Phv- 

siol. Chcni. 35: [311-40. 

(8) Norman, A. G. 

1937. THE BIOCHEMISTRY OF CELLULOSE, THE POLYURONIDES, LIGNIN 

AC. 232 pp., illus. Oxford. 


fill) cftlculfttmp the yiolU of furfural from (he porcoritafff* of uronie arid anhydride, the a.ssuniption was 
made that the uronie aeid w’as d-Rliieuroiiie aeid, Aemrdmp to T/efSvre an<l Tollons (6‘), rf-gluciiroiiic arid 
yields furfural in the proi)ort ion of i part of furfural to |)arts of iKlueuronle acid anhydride, In est imatmg 
the furfural correspondinR to the f-arabinose actually found, a correetion was applied for the furfural do* 
stroyed during the hydrolysis. In calculating the pereeniages of furfural derived from /-arabin^jse and 
d-xylose, consideration was given to tlie fact that the.M' .sugars furnish 75 and 90 percent. re«?pertively, of the 
theoretical yield of furfural. 



Aug. 15 , J 941 The llemi celluloses of Sugarcane Fiber {Bagasse) 


247 


(9) Phillips, M^x. 

1932. THE QUANTITATIVE DETERMINATION OF METHOXYL, LlflNlN, AND 

TELLtHiOSE IN PLANT MATERIALS. AsSOC. Off. Agr. (310111. JoUT. 
i:): 118 131, ilhis. 

(10) - - - and Davis, II. L. 

1940. HEMICELLULOSES OF ALF\LFA HAY. .loUT. Agr. Kos. 60: 775" 780. 

(11) ' -- Goss, M. J., and HHo^\NE, C. A. 

1933. DETERMINATION OF TRONIC ACIDS AND METHOXYL IN CERTAIN 

PLANTS AND PL\NT MA'iERULs. A^soc^ Off. Agr. Glioin. Jour. 
16: 289 292. 

(12) Prin.sen Geerlkjs, H. 

1898. oiLsERVvnoNs on raoasse. Sugar C‘ano 30: 91- 101, 124 133. 

(13) Schulze, E. 

1892. ZUR CHEMIE DER PKLANZLICHEN ZELI.MEMRRANEN. ZM EITE AR- 
handlunu. floppo-Sovlors Ztsohr. f. Phvsiol. Ghoin. 16: [387] 
-438. 

(14) Tollens, B, 

1908. OhER EINEN EINFACHEN NAIUIVVELS DER OLUCrRONSAURE MPJTELS 
NAPHTHORESOIK’IN, SM.ZSAURE I’M) ATHER. Doilt . GllOIll. 

G 0 .S 0 II. Bor. 11: 1788-1790. 

(15) Weuie, H. 1)., and Phillips, M\x. 

1940. HEMK’ELLULosEs OF w HE \T sTR\\\. Jour. .Agr. Ros. 60: 781-786. 
(10) Wise, Louis Elsrero, and Peterson, Floyd (\ 

1930. THE CHEMISTRY OF WOOD. II-W M’ER-SOLURLE POLYSAf CH ARIDE 
OF vvi<>TER\ LARCH WOOD. Iiiflus. aiid Kiigiii. ('h(‘in. 22: 
362-365. 




FACTORS INFLUENCING RATE OF GAIN OF BEEF 
CALVES DURING THE SUCKLING PERIOD ‘ 

By Bkadfoud Knapp, Jr., associair animal husharuhnany and W. II. Black, 
i^enior anitnal h uahaiKhtuitij Animal ffiitihaudrij IHvisiaUf Bureau of Animal 
Industry^ Ignited Siaies Deparlitunl of Agricult me 

INTRODUCTION 

Tlio lollowii)^ study was un<l(‘rlak<‘ii as part of a broad project to 
evaluate tin* factors tliat iidbuMice tlie (dncieiu*y of feed utilization 
in cattl('. ()n<‘ of tiu' ol)j(*cts of a record-of-p(‘rforinarH*e program 
with cattle is to (h^vise. a means of (‘valuatint^ jrrowth ability and 
etticieiKW of piin at an (airly a^e. Knapj), Lambca-t. and Black (/}) - 
liav(' shown that birth W(‘i<i:ht is of limitial valu(‘ as an ind(‘X of a calf’s 
frrowth ])ot(mtialiti(‘s. ''rinw show(‘d that a calf’s imuiatal growth 
is ])riinarily an expr(‘ssion of the dam, and tlaaeforc^ that litth* of the 
variation in ])r(‘natal irrowth can Im‘ attributial to ^(metic diihTcncc^s 
b(‘t\\(Nm calv("s. 

Th(' nc'xt piuiod of d(‘V(‘lopm(‘nt . th(‘ su(‘klin^ p(‘riod, is at first 
oiu' of adjust numt to a now (environment following parturition. 
Milk mak(‘s up tin* larkin’ jxirtion of th(‘ diet, though in the lattcT 
paid of th(‘ suckling ])eriod oth<‘r fecals gradually r(‘place it. Since 
milk is an (*\c(‘ll(‘nt. food for j^rowth, tin* suckling period is one of lar^i* 
sk(‘Ietal incnaise Approximately .^0 per(*(‘nt of tin* matun' sk(‘l(*tal 
siz(' of <*attl(e has b(M‘n attaimai by tlu^ end of the sucklinix period, 
\\h(‘r(‘as only about 40 piu’cimt of th(‘ mature wi'iirht has b(*(‘n luaiclied. 
If it wen' possil)l(‘ to (‘valuat(‘ an animal by tln^ (‘iid of the suckling 
period, a <rr(‘at amount of tiime and labor miirht be saved. The study 
r('t)ort(*d in this paper was made to detiTmime th(‘ factors that influence^ 
the rate of piin in calves during: tlu' suckling p(*riod and also to asecT- 
tain th(e valine of rate of piin durinir this period as a basis of seh'ction 
for br(‘(‘din^’’. 


PREVIOUS INVESTIGATION 

Donald (.^), as a ri'sult of a study of milk (‘onsurnption and growth 
of suckliiiir pi^s, stai(‘(l: 

The tdT(‘(*t of an in\ ('stij^at ion such as this is to invite reconsideration of the 
iin|)<ulance of \ariai)ihty in w(‘anin>j or 3-weok w('ij3:ht. DifTerences in sii.c 
anionic toniija; pigs are probably useh'ss for comparing their genetic (piality. 
Such <lifTer(‘nce.s as have be(*n found, and even some (h'aths, can be satisfactorily 
explained by \ariations in the level of nutrition. 

He also stated: 

The lightest pigs at or before weaning arc by no means always the ‘d>^^<^rest 
doers” in later life. 

Donald (.{) also ma(h‘ a comparison of pi^s reared by foster mothers 
with tliose reared by their own dams. Half of ('aeh litter of pi^s 

> Hm'ivoiJ for publimtion FotmiHry 24, 194 L 

> ItAlIc miniber.s In patvnfhest« rrfpr to Litrmture Ciiod, p. 254. 
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was transferred to a foster mother and lialf remained with the natural 
dam. Thus half of the pigs suckled by each sow were foster pigs 
and half were her own. It was found that the milk production of the 
sow and other influences attributable to the sow had a greater eflect 
on the gains of the animals than did any other sources of variation. 

CV)mstock ^ found that there was no correlation between weaning 
weight and postweaning growth in swine when growth rate was 
calculated at a comparable stage. He suggested that the abs(*nce 
of correlation may be due partly to growth limitations of some of the 
pigs during the suckling period and partly to different gem^s control- 
ling growth during the suckling atid ])ostsiickling periods. Th(*se 
results are in entire agreement with the observation of Donald (5). 

Black and Knapp (i), in a study of r(^cord-of-])erformance steers, 
showed that tlu^re was no correlation betwecui einciency of gain Ix^fore 
and after wx'aning. They also noted a low negative correlation in 
rate of gain before and after w^eaning. The lack of correlation in 
both efficiency and rate of gain may have Ix^en due to inhibition in 
gi’owth, during the suckling period, of stetTS with inherently high 
efficieiKy because of limibxl nutrients, their true inherited effi(*iency 
being displayed after weaning wluui feed was not limited. 

MATERIAL AND METHODS 

For the present study th(‘ records of 58 beef Shorthorn calves from 
the United States Department of Agriculture, B(dtsvill(‘ K(»s(‘ar(di 
Center, Beltsville, Md., and 180 Jl(*reford calves from th(' Unitcnl 
States Range Livestock Experiimuit Station, Miles (,’ity, Mont., w(t(‘ 
used. The vShorthorn calv(*s were sired by 8 bulls and the Hereford 
by 3. The study was made at Beltsville in 1940 from data obtaimal 
in 1931-36 for other purposes. The data available from Beltsvilh' 
included a record of sires, dams, sex, birth weights, weaning weights, 
and the quantities of milk, grain, and hay consumed by each calf. 
Milk consumption was calculated by weighing the (‘alf 1 day each w(‘ek 
before and after nursing. Both grain and hay W(‘re f(xl individually, 
and each calf was allowed all it would (‘onsunu'. The grain mixture 
consisted of 4 parts by weight of cracdvcd corn, 3 parts of criislual 
oats, 2 parts of wlnait bran, and 1 part of lins(‘ed m(»ai. The hay 
fed was No. 2 leafy alfalfa. 

In the st udy involving rate of gain as a basis of sehadion for bnaxl- 
ing, bull and steer calv(*s at Beltsville were used, s(hH'tion of the bull 
calf being made at 140 days of age. At that time all bull calves were* 
judg(‘d for beef characteristics. Bulls that fail(‘d to meet the standard 
set up were castrated and fed out as steers. Castration was bloodh^ss 
and had little or no effect on the animals at the time. The darns of 
the calves also were scored for beef characteristics at irregular inb^rvals 
over a period of years. 

The data available from Miles City included a record of sires, dams, 
sex, birth weights, weaning weights, and ages at weaning. The calves 
were WTaned at an average age of 180 days and were not grain-fed 
up to weaning. 

a Comstock, R. E. the relationship between weaning weight and postweaning rate. {tJn- 
published.] 
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A (*oiTolation study of lh(‘ Bcdtsvillo data was made to d(*t(‘rmiii(‘ 
the offoot of roiisumption of diflVroiit (|uaiititi(‘s of milk, f^rain, and 
hay on rate of ^aiii during the siiekliri^ period. Both the B(*ltsville 
and Mil(‘s City data w(‘r(^ analyz<‘d to det(‘rmine tlu^ variance of daily 
piin due to sin^s and s(‘x of calvu's. (\)rrelations and analyses of 
variance as outlined hy Sn(‘d(*cor (7) w(‘re list'd in the anal 3 ^ses of the 
data. 

EXPERIMENTAL RESULTS 

In the studv of tin' Ih'ltsville data, the following corn'lations 
were found: 


('ornlntion 

Simple* (*orr(‘l!i1inii l)(‘t\\e(*n 

Daily gain and rpiantity of milk **0. ol7 

Daily gain and rpiantilv of gram _ . 209 

Daily gain anrl f|uanti1y of ]i;i\ . .121 

Quantilios of milk and gram .142 

Quantities of milk and hay . _ . 388 

Quantities of grain and hay _ . 400 

Multiple correljit ions he1\v(‘(‘n daily gam and quant it of 

Milk and grain _ ***■ .591 

Milk and hay . . 024 

Grain and ha\ _ _ _ . . .211 

Milk, grain, and hay 041 

Partial correlation'' hetwt'en daih gam and (plant ity of 

Milk (grain and hay constant) . . *’.619 

Grain (milk and hay constant .. _ .188 

Ha> (milk and gram constant I .. _ *308 


‘ • Statist Mw'mfi(Miit, P 0 05 siiMiiflcunt. /’ ool 

Th(' simph' eorrehitions iudi(*ate tliut of tlie feeds consumed the 
(plant itv of milk had tin* g:r<‘at(*st (‘tlect on rate of j^ain, followed in 
order l\v g:rain and hav, Tlu'st' last two correlations are not statis- 
tiealh" significant, howt'ver. There was a slitrlit tc'iuh'iKW for the 
ealv('s that consuim'd the most milk to ('onsume tlu' h'ast hay and 
grain. The corn'lation l)('tw('en the (pninlitit'S of grain and ha}' 
consumed is significant. Tin' multiple corn'lations indicate that gain 
p<'r da.v is associat'd with these thre<' variahk's, which account for 
as much as 41 p(*r<*('nt of tlu' variation in rate of gain. Partial cor- 
n'lations show that th(' (juantitii's of milk and of hav consumed are 
significant!}' corn'latt'd with daily gain hut that the (piantity of grain 
consumed is not significantly correlatc'd with rate of gain. This 
finding s('('ms to indicate that the more bulky h'eds, milk and nuigh- 
age, have tlie gn'atc'st ('fleet on rati* of gain, wlu'reas grain, a mon* 
('oru'entrati'd feed, lias litth* effect. This is in agn'ement with obst'r- 
vations mach* by animal husbandmc'n. 

Table I -- An<jhjsi,s of voriaticc of daily goivs, during the avclling period y of 5S 
Shorthorn colres fiirtd by S hulls at Bdtsvilley Md. 



Variation 

' Deprees of j 

Sum of 

Mean 


1 freedom ! 

sejuares 

.square » 

1 . 

Due to sex * ... 


- . . . -j 2 '' 

1.3582 j 

I" 

*•0.6791 

Due to sire effwts . . . 


... . 14 , 

1 1857 ; 

. 0S47 


Between ml vOvS of the sjime sex .‘iml from the some siro . . - ] 41 | 1,8305 i .0446 


Total - ' 57 1 4 3744 , .0767 


1 P < 0.01, highly sipniftcant. 

* Animals were sorted on the ba«ls of 3 sex differences; there were 14 bulls, 15 sttws. and 29 heuers. 
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Tabl(‘ 1 shows tlu' variancH^ of daily grains, due to sex and sir(»s, 
of the ealv(*s from B(»ltsvilh\ The analysis sliows that difh^nuKU's 
belwe(Ui sex('s are statistically sipnficant, wluu-c'as difierences between 
the pro^cmy of diflerent sires are not significant. By analysis of 
covarianct^ differences due to sex in the (correlations wc're (‘lirninaUHl. 
The corrcdations for calves of the same sex indicate little chan^(‘ in 
th(' relationship l)etween (juantity of f(H‘d and ratcc of ^ain. The 
multiplf' i-(‘lationship was iTdu(‘ed from ().(>41 to 0.»521). Ilie indica- 
tions are, how(‘ver, that ap])j*oximat(dy th(‘ saim‘ r(‘lationship exisi-s 
b(4w('en rate of gain and the quantities of milk, grain, and hay 
consumed among (calv(*s of th(‘ same sex as among thos(' of the entire 
population. Thenc were no significant yearly effects owing to the 
fact that the calves were born (luring all S('asons of lh(‘ year, causing 
a larger variation within year than b('tw(‘(ui years. 

Furtluu* amilys(^s of tin* Beltsville data show that bull calves con- 
sinm^d significantly mort* milk than steca* calves, but there were no 
significant diflereiua's in the ((uantiti(*s of grain and hay consuimal by 
bulls and st(M'rs. This finding seems to indicate that the sujxaior 
b('('f charactca’s of the bidl calv('s retained foi* bre('ding W('re diu* to 
the great(a* quantili<‘s of milk consunuxl during the suckling p('riod. 
As already stated, signifi(‘ant difierences in daily gains betwe('n the 
prog(cny of sires W(‘re not demonstraUal, Sin(‘e milk {u’oduction of the 
cows bred to diflerent sires may vary (*ither through accidential or 
premeditated si'hadion of the (*ows for liigh milk product ior), the use 
of daily gain during the suckling pc'riod as a measure of genetic su- 
periority of the progeny for growth is subj('ct to (jiu^stion. 

In determining tin' value of rate of gain as a basis for selection, the 
analysis of variance of gains, milk consumption, and scores of dams 
and calvt's gave the following ivsiilts: Calves sav(‘d for bulls nunh' the 
most gain up to 140 days of age; th(\v were from cow\s that gave tin' 
most milk up to 140 days: and th(*y wc're from tin' poori'st. scoring 
cows for beef characteristics. The first two ri'sults iiidi(*ate that 
s('lections were associat('d with nutritional difierences and that as a 
ri'sult of siu'h s('lection the milk production of the lu'rd would be 
maintained at a high l('W(‘l. This liigh milk-production level would 
result in a comparatively low cost per pound of feedc'i* calf. How- 
ever, the fact that tlu^ bull calves sch'cted wen' from the poor(*st 
s('.oring cow\s for beef characteristics indicat('s that the method of 
selection used would n'sult in poonu* b(^ef qualities in the h('rd. Tluiso 
qualities may not show in the animals selected but would be lik('ly 
to do so in their progeny. For ('xainple, at Beltsvilh', one of tlni herd 
bulls sired thick-fleslu'd steer calv(5s as shown by the physical analysis 
of tluur carcass('s. A son of this herd sir(', s('l(H*ted as shown abov(', 
was out of a cow of poor Ix^ef quality but of high milk production. 
His prog(‘.ny had significantly more bone and less fat than tlunr sire. 

A similar condition of selection was reported by Phillips and Dawson 
(0) in sheep. Tiny found that in the seh^ction of lambs for breeding 
single lambs were favore'd over twins, early lambs over late lambs, and 
heavy lambs at birth over light lambs, although no conscious effort 
was made to favor any of tljose groups. 

As already stated, an analysis-of-variance study was made of th^ 
daily gains of 180 calves siix'd by 3 bulls at Miles City, Mont. Black 
and'Knapp (2) obs('rved significant differences, in rate of gain subse- 
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qiiont to weaning, in the progeny of the thrc'e hulls. Table 2 shows 
the analysis of variaiUM' of the dail^^ gains prior to weaning. With 
these calves, as w^ell as tliosi^ from Bedtsvilh', significant differences 
were observcul betwcM'n sexc^s hut not between the })rogeny of different 
sires. The small diff(T(‘n(*(»s that were observed between the progeny 
of diffen^nt sires are probably the result of tin* nutritional level rather 
than of genetic variation. 

Table 2 Atmbjfiis of vonanrr of dailn gains, (hiring the suckling period, of ISO 
lien ford calves stnd bg d hulls at Miles Cilg, Mont 



Vai laf loll 

Df'ni ces of 

Sum of 

Moan 


froodoin 

M|uaii*'' 

square * 

Ow to ‘icv 


1 

0 40S(l 

•*0 

Duo L) siK' cfTirts 


4 

27SH 

. 0097 

liotwooii calvt'S of tho soiiio 

M \ jind fioiii tin* siiiiic ■'in* 

171 

f. r,7Kr. 


I’oCil. 


179 

7 

0111 


' *•/* Odl.hi^h'j NiLTMificiim 

Since th(‘ study sho\N(‘d no significant diflVrc^nce in ial<^ of gain dur- 
ing tlu‘ suckling p(‘riod in th(‘ ])rog(‘ny of different sires, it may be con- 
cluded lliat ral(‘ of gain during this period is no indication of the 
g(‘neti<* sup(‘riorify of the (*alves. Howext'r, dc'termination of rale 
of gains during th(‘ suckling ])criod would bi^ of value if this gain WTre 
shown to hav(‘ a cIom* corn*lalion with gain after weaning. A corr(‘- 
hition study on r(H*ord-of-])erformance IbTtdord stivers at Mil(‘s City 
showed a cot'f!ici(‘nt of (nonsignificant) Ix^tween rate of gain 

b(‘for(^ and aft(‘r wiaining. This obst*rvation is in agreenu'nt with that 
of Black and Knapp (/) with cattle, and with thosi' of Donald (S) 
and (Vimstock ^ with swiiu'. The conclusion scauns sound, theridon, 
that tlien* is litth* or no r<*lationship betwca'ii rate of gain during thw 
suckling ])eriod and rale of gain after wtaining. (\)nsequently, as a 
method of g(*notypic seh'ction, observations on rate of gain prior to 
weaning have little vahn*. 


SUMMARY 

The study reporte<l in this paper wa« made to deliainine tin* factors 
inflmuicing rate* of gain in Ixad calves during (he suckling period and 
to ascertain the valiu* of rate of gain during this period as a basis of 
selection for l)re(*ding. 

A statistical study of the daily gains during the suckling perioil 
was made on oK betd' Shorthorn calves at tin' United States Depart- 
nnuil of Agriculture Bi'ltsville Rc'si'arch C^mter, Beltsville, Md., and 
180 IK'reford <*alv('s at the Range Livi'stock Experiment Station, 
NIiles City% Mont. The work was carried on at Beltsville in 1940 
with dataObtaiiK'd in lOdl-ilO for other pur])oses. The influence, 
on the daily gains, of sires, dams, sex birth and wx'aning weights, ages 
at weaning, and milk, grain, and hay (*onsumption, was determined. 

Partial correlation studic's indicated that under the conditions of 
this study, milk consumption had the greatest influence on rate of 
gain, follow ed in order by hay and grain. The combine(l influence of 
these three variables accounted for 41 percemt of the variation in rate 
of gain during the suckling pc'riod. 


* Soe footnote 3. 
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The unalysis-of-variaiice study indicated that differences between 
the ])rog(‘ny of (filfenuit sires cannot be d(‘nionstrat(^d by rate of j^ain 
during? the period prior to weaning. Fiirth(U‘more, evidence is 
]:)resent(Hl whi(*l) sliows tiiat there is little or no relationship in rate of 
^ain before and after weaning. Sex was found to have a significant 
influence on rate of gain. The study indicated that when sc'lection 
of breeding animals was made during the suckling p<u*iod, the calv(‘s 
sel(»ct(‘d w’i‘re those that made the greatest, gain and that th(*y w'(*r(' 
from cows which gav(' the most milk but scored the poorest for beef 
characteristics. 
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HISTOCHEMICAL DETECTION OF GLYCOGEN IN BLOOD 
CELLS OF THE SOUTHERN ARMYWORM (PRODENIA 
ERIDANIA) AND IN OTHER TISSUES, ESPECIALLY 
MIDGUT EPITHELIUM ’ 

By J. l^^ANKi.iN YhAGEit. ,sniior vulomoJoifiat, and Skm (1 Muxso.w junior zoologist, 
Dirision of Control Inn siigotiontt, Bannu of Euiowohtgif and Plant Quarantine, 
(Jnitrd t^tatvs Depart mint of Agrirultui e 

INTRODUCTION 

Altlioufrli the stoiape of carbohydrate in the form of jjjiycogen 
is apparently related to the metamorphic processes of holoinetabolous 
insects, little is known repirdin^ the processes of intermediary car- 
bohydrate metabolism that occur in insects. Virtually nothing is 
known as to whether a jriven status of intermediary carbohydrate 
metabolism may influence the de^riHi of susceptibility or resistance 
of an insect to a j)oison or to an insecticidal procedure. It has been 
reported (M, 9/)- tliat the inclusion of brown sugar or molasses in 
certain insecticidal sprays or baits may result in an increased kill of 
(‘ertain instrts. The added sugar or molasses is believed to cause 
the j)oison to be held (Hi the sprayed foliage for a longer time, thereby 
increasing the amount of poison that the iirsect ingests. Richardson 
(9J) \u\^ re|)ortt*d that the addition of brown sugar or molasses in- 
creases the solubility of an arseni<*al insecticide in the spray. In such 
a (*ase an increase in the carbohydrate cemtent of the gut might cause 
more poison to be held in solution in the digestive juices of the insect's 
aliinenlary tract, whether the carbohydrate's Avere ingested along with 
or ju’ioi to the poison. If this should occur, an increase in the carbo- 
hydrate content of the insect^ blood or hemolymplj (i. e., an alimen- 
tary hyperglycemia ) might ])roduce a greater solul)ility of an arsenie-al 
poison in the blood, and hence possibly a greater elfectiveness of the 
j> ison upon the insect's tissues. Ingestion and absorption of suf- 
iicient carbohydrate might itself have an injurious or lethal effect 
upon at least certain species of in>ects (19), Thus, from the stand- 
l)oint of toxicology as well as physiology, further knowledge of the 
occurrence, distribution, anil metabolism of carbohydrates in insects 
is required. 

In a study of the blood cells of the southern armyworm (Prodenia 
enkhinta (Cram.) ) glycogen Avas detected in certain of the blood cells 
and in some of the large midgut epithelial cells that frequently oc- 
curn\l iti blood smears from first and second instars. This pa]ier is 
the report of a qualitati\’e iiiA’estigation of the occurrence of histo- 

^ Itpcolved for publication February 21. 1041. 

^Italic numbers in parentliesos refer to Literature (’ited, p. 288. No reference is made 
to publications appearing after ll»3a, the year the manuscript was written. 
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chemically detectable polyHaccharide in the blood cells of this insect, 
and includes similar observations made incidentally upon smeared 
midgut epithelial cells and cells of various other tissues. 

The insects used in this work were larvae, j)repupae, pupae, and 
imagoes that had been reared in cages at about 20.5^^ C. The larvae 
vyere usually reared on fresh green turnij) or collard leaves but at 
times were fed (»ther foods, as indicated under Methods and Results. 
The imagoes were fed siuTose solution. All the insects used ap])eared 
to be normal and healthy animals. 

METHODS 

BLOOD SAMPLING AND SMEARING 

To make blood smears in which the cells retain the forms they ])os- 
sessed just prior 1o sam])ling and smearing, the insects weie immersed 
in water at (>0° C. for 5 minutes. After this heat fixation, the blood 
was samj)led by jiricking the larval proleg, the pupal winir <*ase, or 
the imaginal middorsal thoracic integument (fi‘om which the scales 
had been removed with a brush) with a needle, collecting the blood 
upon a clean coA’er slip and, except when the very early instai’s wen* 
used, smearing the blood either with another cover slip or, preferably, 
with the end of a slide narrowed by the breaking away of its corners. 
Occasionally blood was sampled from the antennae of an imago. 
The smears from first and second instars were made immediately to 
avoid dehydration of the larvae after heat fixation. With these in* 
stars and, at times, with third instars, the larva was dragged, with 
the escaped blood, across the cover-sli])' surface. In this i>rocediir(* 
some epithelial cells from the midgut usually became detached and 
were included in the blood smear as single cells or as groups of (*ells. 
Blood smeais free from intestinal cells were obtained when caie wa-^ 
taken merely to puncture 'a proleg, to allow the blood to escape, and 
then to remove the body without dragging, pressing ui>()n, or other- 
wise manipulating it. A finst- or second-instar blood smear thus 
obtained consisted of only a tiny dro]> of blood containing relatively 
few cells. Tissue smears were jirepared by dragging teased tissues 
across the cover sli}). 

The results rejiorted here are bnse<l on a study of blood smears 
))re])ared from more than 800 insects. 

FIXATION AND STAINING 

Several fixing procedures were used in preliminary tests to deter- 
mine one readily applicable to this study. Blood .smears from the 
heat -fixed sixth instars were air-dried and placed immediately in one 
of the following fixatives: Ab.solute alcohol, Carnoy’s (with chloro- 
fonn), Neukirch’s, Zenker's, Bouin-Allen’s, Pasteels and Leonard’s, 
Oendre’s, Vastarini-Cresi’s, Gulland’a alcoholic formol, or 1- or 4- 
jiercent aqueous solutions of chromic acid (67, ///>. ; 6*.{, pp. 

Jt,9^ 58^ 280-^89; Jfl); 81), After varying intervals of time the 

preparations were examined in Lugols solution (6*4, pp, f!80-^^89; 
67, pp. 228-380), Some of the smears from Carnoy’s or Neukirch's 
fixative and from absolute alcohol were stained by Best's carmine 
method. Wlien chromic acid was used, the smears were fixed for 



ni?-i 1 ? 

18 to 24 lioiirs in the 1 -percent solution or for 1 hour in the 4-j)ercent 
solution, and were subsequently stained according to the Bauei’ 
metliod (6'4, p. 67, pp. , The results of these prelimi- 

nary tests indicated tliat Bauer's method (usin^ chromic acid lixa- 
tion) and fixation in Carnoy's fixative or in absolute alcohol followed 
by staining in Lu^ol's solution (wet preparation) or in Best's car- 
mine were the most satisfactory j)rocedures for staining glycogen 
in the ai’inyworni blood cells. 

The Bauer mtdliod, with cliromic acid fixation, was used most 
frecpiently. After cliromic acid fixation, the blood or tissue smears 
were immersed in Schilf's reagent for 25 to Jlo minutes, waslied in 
several changes of distilled water acidified with or 4 ilro[)s of 
concentrated sidfurous acid per KM) cc., and count erst ained with an 
acjueous solution of thionin acidified witli 2 or drops of concen- 
trated sulfuious acid per KM) cc. A saturated solution of thionin. 
a))plied for K) or 15 minutes, was used to stain some of the smears, 
but since dye crystals were deposited on tlie smear and tended to 
interfere with the observation*- of the glycogen -stained cells, a two- 
thirds saturate<l acidified thionin solution was used on other smears, 
which w(Me stained for IM) to tU) minutes. Excess counterstain was 
removed by <lipping the smears (juickly into distilled water acidified 
with sulfui’ous acid. The smears were then dried by blotting on 
filter [)aper and warming carefully over a small flame, and were 
mounted in balsam. 

The smears to b(‘ stained with iodine were fixed 'm absolute al(*ohol 
for t8 hours or in ('arnoy's fluid for 4 to 20 horns (usually about 
18 hours), washed with distilled water, (*overed with a few drops 
of Lugol's solution and a cover slip, and examined microscopically as 
wet i»re])arations. 

A number of smears were stained by Best's carmine method and 
Used for comparison. They were fixed in absolute al(‘ohol or in 
Carnoy’s fluid. Some were handled according to the usual techni(jue 
(6'.^, pp. - JtS<V) with Ehrlh'h's haematoxylin as a counterstain. 
Other smears were stained as usual with Best's carmine for 10 to 15 
minutes and then for about 0 minutes with equal jvarts of absolute 
alcohol, Wright's blood stain solution (i. e., the usual alcoholic solu- 
tion, undiluted), and a 2.5-iH‘rcent solution of nicotine. The excess 
stain was removed by Hooding the slides with the usual differentiat- 
ing solution, which was sometimes acidified slightly with oxalic acid 
to increase the differentiation. Excess differentiatinjr fluid was re- 
moved by (juickly blotting with filter paper. The slides were dried 
carefully over a small flame and mounted in balsam. 

Smears were also stained by the Wright oxalic acid-nicotine pro- 
cedure and used for comparison. Slightly less satisfactory 

staining of blood smears from heat-fixed insects {l*ro(i'n!a eridanm) 
was also obtained by the usual Wright’s blood-staining procedure. 
Unless otherwise .specified, the Wright oxalic acid-nicotine (W-N-O) 
pixH^edure was irsed when Wright staining is indicated. Counterproof 
smeai's were fixed in absolute alcohol, treated with saliva at about 
35^ C. for 5 hours, and stained with Liu^ors solution and by the Bauer 
method. Others, in accordance with Gendre's {^0) suggestion, wei-e 
stained by the mucicarniine method of Mayer and used as counter- 



proofs to the Bauer method. Negative couuterproof results indicated 
that the fjjlyco^en luul been di<rested by tlie ptyaliii of the saliva, and 
that tlie positive Bauei’ ]*ea(*lioii was not caused by mucin. 

IDENTIFICATION OF INSTARS 

To id(‘ntify the diflereni instars used in tliis investigation, head- 
(’a[)sule measurements \vei*e utilized. A larva was considered to be 
of a ^iven instar when itshead-caipsule ineasureinent (width) approxi- 
mated the mean value of head-ea])sule measurements for that instar 
as determiiu'd by Mayer and Babers,^ whose data show that the 
southern armywoiins reared at this laboratory develop through six 
instars, (generally, the mature larva. wStojis eatiii]|^ a short time before 
entering’ the ground. The a^e within a pven instar was detei-mined, 
ill some cases, bv isolating- a larva of known instar, noting* when it 
molted, and utilizing it at a determined subsetpient liour. Hie a^e 
of a first instar was determined from the time of hatching*. Similarly, 
a^’(‘s of pupa(‘ and adults vere d<‘lermine(l, resjiecti vely, from the 
times of ])Upation and emergence. 

ST ARVATION AND FEEDING 

In starvation and feeding* experiments upon new]\ liatcluMl lar\ae, 
ins(‘cts that hatched at the same time were se[)amt(*d into six roups. 
One frroup Avas starved. Each of the other groups was fed oiU‘. of the 
following*: <liets: (1) Tiirni[) leaves, (2) <»'(‘latin ^(‘1. (^5) gelatin 
containing* glucose, (4) cornstarch paste, and (5) (*ornstar('h paste 
containing* glucose. A mold soon developed on the* gelatin, with or 
without glucose, Avhi(*h was fed to the* larvae in the form of a ^^elhut 
layer covering the insides of the b(‘akers holdin^r llu* larvae. 'Plie 
cornstarch diets were suiiplied as a thick paste prepared by boilinn:. 

Sixth instars A\er(? also starved or fed individually tli(‘ follow inii: 
diets: (1) Turnij) l(*aves, (2) col lard leaves, (I^) w hite cabba^ie h‘a\ es, 
(4) ^reen soybean leaves, (o) y<‘IIowed soybean leaves, ((») cornstai’ch 
])aste containing* n'bicose, and (7) cornstarch-^lucosi* paste in turnip- 
leaf saiuhvit'hes. In tlu'se e^']HU'inients ih<‘ foods Avere suiijilied to the 
larvae qualitatively, but in general the ratio of glucose to (airnstarch 
was about 1 to 10. In other ex])eriments lai’vae AAei(‘ fed laruer 
amounts of glucose (up to about I pai*t to 2 iiarts of boiled cornstarch ) . 
After having* a<*cess to cornstarch-irhicose-turnip leaf sandAviches for 
a ofiAen len^tli of time (usually about Itho hoiii’s), and an interval of 
2 to hours* starvation, some of these larvae Avere ligatured.* Li<i*a- 
tured and unli/;^atiired larvai* Avere then fed .cornstar(*h-turnii) h*af 
sandAvicho'-. 

The porio<ls (jf starvation and feeding of the youn^* and the mature 
larvae differed. As a rule the ncAvly hatched larvae W(‘re starved 
until dead or vveiv fed for about <lays. Tin* mature larvae that 
were to receiA-e the S|)ecial diets Avere kept Avithout food for about lU) 
hours and were then fed for about \ days. Tin* stai v (‘d mature larvae 
were kept Avithout food u]) to about 70 lioiirs. At the end of the starva- 
tion and feeding ])erio(ls, individual larvae were used for clycooen 
detection. 

® MAYEU. K. n, niul lUHEUS, F. TI. heai> capsttle aikasuremknts of southern mcviy- 
WORM LARVAE (PRODKNIA EIUDANJA). [To 1)0 iniI)lisho<1 1 

* TIio»o lurvRO Horvoli «h controls in o\p<***ijnents on tlie ellTocts of a dmi n is torod poisons 
on l>lood-<*ell jjlycogen 



Glycogen in Blouii Cells of the Southern Army worm 


PLATE 1 



Blood rolls from Isirvae of Prmlvmu vridunia (Imt liad boon fod tunnj) loavos: 
A, S(‘oon(l instar; /?, foiii'th iii'^tar; t\ JJ, and E, fifth install (llyt'ojfon 
inclusions aro slatwn in A at a: in B al a~f : in f in a plasmatocyto, fl, but 
not in tlu‘ small roll 0, \\hlch was imuv dooply stainod witii tlinmin: in I) 
at a and b in tbo idasmatooyto (% but not in tin* r.v'^tooylo d or in tlio ooll 
r; in E ctnisidcuously in tbo jdasmUtocylos a, h, and o, as at d, loss ('onspicu- 
ously in tbo plasmatooytos at c and f, but not in tbo otbor (*(‘lls. In E note 
tbe polar locations of tbo glycogen inclnsions in the fusiform plasmatocytes 
b and c; a metapbaso is shown at p. Blood smoai’S, Bauer toebnique; oil 
immersion, 10 X ocular, OflX obje<*tive. 
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TJIP: GLYC’OCiEN COUNT AND THE GLYCOGEN INDEX 

A ^lyco^eii count was ol)lainc(l from a blood snuair by taking a 
cci’tain mniibcr of (*clls at random and (dassifyin^ i‘ach cf*ll accord ino 
to wlictlici’ it contain(‘d one, two. tlu‘(*(‘, oi* four oi- more* ^lyco^cn 
incbisions. All th(‘ cells observ(‘d in ea<*h of a serii'S of micros(‘ 0 ])ic 
Helds, visible with lii^h diT mai»niHcal ion (about ()()()/ ), w (ue counted 
until a total of 400 cells bad beim classilied. Fi’om these figures lh(‘ 
jXMwnta^es of the blood-cidl population of tin* smeai' that contiuned 
the various numlxu-s of /:»lycoo-en inclusions and tla^ total ])ercenta;>(‘ 
of cells that contai?ied ^ly(*o^en wme calculatid. 'rhc‘ p(‘rcenta^(‘s 
of (*(dls conlainin^’ tin* various numlxu's of ^lyco^en inclusiojis con- 
stitute what is hen' called tlu' al\coo(‘ii count. The total piunauita^t* 
of cells that contain ^lycoocn (*onst ituti's the aly<*<>^^en ind(‘\. 

RESUl/rS 

ULOOD-CELT. (JT.YCOGEN IN INSECTS TED TURNIP LEAVES 

(Jlycoovn was not ih'ti'ctt'd ui tlu‘ blood c(‘lls of newly hatched 
larvae by any of the nu'thods u>ed. In blood ci'lls of larvae f(‘d 
turnip leavi's o|yeoo(‘ii was fii’st obs(‘i‘V(*d Is.o liouis aftiu* hatching 
and th(*n in only om* cidl in only om* larva. In one othi'i* larva ^ly- 
(*op‘n was dt‘tect(*d in s(‘V(‘ral blood <*(‘lls at sonu‘ tmu* Ix'twix'ii and 
hours aftm* hatching. Hhxxl-ci'll ol\(‘()oen was usually not ob- 
sei‘V(‘d in older lii*st instars oi* in '-econd instars. When olveooiai did 
(X'cur, it was sec'ii in \(*ry lew' bhxxl cells of tlie lirst instars and in 
moi’(‘ cells of t he se(‘ond inst a i‘s. 

IMati' 1, .1, shows a ^l\(*o^(‘n-containinii: bhxxl ci'll from a se<*ond 
instar, ddu* youn^i'st larva to show' ^l\co^(‘n in a conshh'rable num- 
Ix'i* of bhxxl cells was a second instar just aft(‘i* molting*. In general, 
lat(‘r mstai’S that ])Ossessed bhxxl-cell ^Ixco^en tendeil to show it ui 
inci‘(‘a^in<»' numlxu's of tells with each succ(*edin^‘ lustar (li;x. 4). 
Plates 1, /> />, and i!, ^1 and />, show' some iilyco^en -containing bltxxl 
cells from fourth, fifth, and sixth instars. R(‘lati\ely lar^e numbers 
of bhxxl cells contained ^'lyco^t'n in sixth instars, [rrepupae, and the 
very youn^* ])upae that did exliibit bhxxl-cell ^lyco^t'ii. In p'lK'i'al, 
bhxxl-cell ^lycoi.»'en tended towaixl a maximum at the ])i‘epiipal sta^e 
of (lev(4opment, as shown by the variation <d‘ olycoatui index durin^^ 
lai‘val d<'v<‘h)pmenl and ntetamorphosis (li^. 4). Dui-in^ meta- 
morphosis the bhxxl-cell o|yco|[ren decreased until in later ])U|)al life 
it rea( bed a minimum, ami sometimes seemed to (lisap[x'ar entirely. 
Plate ‘J, r and />, show's olyeo^(Mi-containin<r bhxxl (‘ells from a ^rt'atly 
ta])eivd jrrepupa and a day-old pupa. The decrease of j)Ut>al bhxxl- 
cell ^lyco^en was ass(x‘iat(xl with a markcxl deci’('as(‘ in the numlx'r 
of cells that appeart'd in the bhxxl smears. In the smears from old 
j)Uj)ae it was fi'eijuently diflicult to find any bhxxl c(‘lls; the few' that 
were found usually <_*ontained little or* no ^lyco^en. In the ima^o 
bhxxl-cell glyco^t'ii was r arely observed. 

Individual differences in the (xxairrence of bhxxl-cell ^'lyco^en weiv 
Jai-^e in all tin* instai*s, pai’ticrdarly in the (*ai li(‘r instars and amon^- 
individuals from diffei'ent Iratches of laiwae. Mo bhxxl-cell ^lyco^en 
could be detected in some lar vae. 



Vol. 03, No. 5 


Jourml of Aqnmltural Rv^earch 


GLYCOGEN IN MIDGUT EPITHELIAL CELLS OF LARVAE FED TURNIP LEAVES 

No ^lyco^pn was ()l)soi vp(l in tlie luid^iit ppitlielial cells of newly 
hatched larvae. Mid<rnt-cell ^lyco^en was observed earliest in a sinf?le 
turnip-leaf-fed larva (> honi*s aftei* hatching. It Avas also observed in 
Siweral first instars 11. 24, 20. 28.5, .‘lO, and 47 hours old, hut not in 
oth(‘]- larvae of these a^es. Plate 3, A and B, sIkaas ^lyco^en in 
inid^iit epith(‘lial cells from a tii'st instar. In this instar the ^lyco«en 
in these (‘ells ;yr(*nerally a])peared eai'lier after hatching and nior(‘ fre- 
quently than did ^lyco^en in the blood cells. 

(Jlyco^en also occurred in the midgnt (q)ithelial cells of the later 
instars, althonirh individual differences, as indicated by the smeared 
^ut cells, Avere (juite marked. Plate 4, A~(\ shows ^lyco^^en in some 
mid^nt epitlndial cells from a third and a sixtli instar. As in the 
occnrren(‘e of blood-cell ^lyco^en, .some individual insects a[)j)eared 
to haA^e considerable mid^nt-cell ^lyc^o^tm, AvluTeas oth(*rs possessed 
none. Jn none of the larvae did ^lyco^en apj)ear in all the smeared 
e))ithelial cells. 

EFFECTS OF STARVING LARVAE AND OF FEEDING THEM DIFFERENT FOODS 
XivWi.v H xTi’iiED Laid vk 

When n(‘AN ly hatched larvae weiv starved, no ;Lilycog(‘n Avas ohsei*ved 
in either their blood cells or their mid^nt epithelial cells, even up to 
the tinu* of death, \Adiich was usually not moi*e than 48 liours after 
hatching. In jdate 3, (\ are shown mid^ut ejiitludial cidls from a 
starv(‘d first instar. 

As has been stated, mid^'ut-cell ^•l3To^>:en was ohsei’ved in some 
of th(‘ fiist instars fed turnip leav(*s Imt not in others, and l)lood-c(‘ll 
^lyc.o^en Avas observed in (»qly one or tAVo of these larvae and tlam 
only in one or tAvo cells in a sm(‘ar. 

(xul-cell ^'lycoireu Avas ohseiwed in some larvae fed cornstarch or 
coi-n.starcli ])his glucose, hut no blood-cell ^!:lyco<2:en Avas oh.servcHl in 
any of these larvae. No ^ut-cell or blood-cell ^lyi'o^en was observed 
in any ()f the larvae fed gelatin (idus the mold tiiat devtdojied on the 
frelatin in tJie coui‘se of the ex])erjment ). Mid^ut-cell ^lyco^en Avas 
observed in .some (d tlie larv’ae fed ^elat in -^1 uco.se (j)his th(‘ developed 
mold), but blood-cell ^^lyco^en Avas not d(*t(‘ct(*d. 

Sixth 1nst\k.s 

WIkui sixth instars were taken from diets of turnij) and collard 
leaves and starved for different periods ii]) to 70 hours, glycogen 
was ob.servc'd in feAver blood cells the longer the period of starvation 
until, at about 24 to 40 hours, depending upon the individual ins(H*t, 
it Avas no longer detected. 

Sixth instars reared on turnij) leaves ai)})eared to liave more 
blood-cell glvcogeii than those reai*ed on (‘olJard leaves or, especially, 
on Avhite caobage leaves. In larvae, fed soybean leaves blood -cell 
glycogen apjieared to be variable, but in general it seemed to be 
greater Avhen green than Avhen yellowed leaves Avere fed. Blood-cell 
glycogen increased wlum cornstarch-glucose paste, alone or in turnip- 
leaf S4tnd\vichcs, Avas fed to larvae reared on turnij), collard, or Avliite 
cabba'ge leaves. Larvae that were fed the smaller quantities of glu- 
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Midjfui epiihelul cells of fust inst.iis of Ptoilftna (ndama 4 and Ji L.ii\ae 
picMouslj fed tuniij) lca\es; C\ a stai\ed lal^a 4S to 04 o lioiiis old Gl\toj?tii 
inclusions as n-d, aie Msible in 1 and If, but not in C Thionin ci>stals aie 
slnmii at f f and r/ in 4 and at a, b, and ( in V and nuclei aie Msible at h, i 
and ^ in t and Ji Tissue sineais, Ibmei technuiue 1 and /?, oil immersion, 
TiX ocular, l)3X objectne, botli fiom the same smcMi t, di\ lOX o( ular, 
45 X objective 
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PLA T E 5 



lUood tnini sivtli iiisJnis of l*nn{i uta (intaina Hull had hroii AmI 

I iiriiii)-I(*af ('onistaivli '^alld^^ icht's <ontaiidiij» jj:liico^t‘ : 1 and H from a 

Ian a that had oatpii a sa 1 ld^^i(•h ooidainin^ h‘ss jjlm-oso tiiaii iii the ‘'aiiduKh 
oatiMi h,N the lar\a i ('prest*nt(*d in T and /> la 1 and H Kl^couca aitpeai*^ 
in all tin* (adls sho^^^, thom;h it is s(H*n more el(‘arl> in "ome, as at a, 
than ill others, as at h and t ; tln‘ inelnsioiis of the fusiform plasmalo(‘.\ tt* H 
(J, lnn(‘ ai)pro\imate jiolai- loeatinns. (' sliows esi)eeiall.\ widl tlu‘ inclu- 
sions in the e>stoe>tes a, ft. «ind f; those of the t)ther cells, as at d (/. appear 
as hla<k areas, hut (he <'ell bodies, as at h A, ai)]n‘ar \er\ faiui : au otuiocytoid 
appeals at I 1) sho\Ns j'I.\(m;;(‘u iuchisious, as at a-i. and an o(‘uoc>toid at /; 
the c(‘ll hodit‘s art* moie distinct than iii most of tlu^ cells (*out.iin 

jfl.vcopMi iiK'lnsious, hut not tin* oenocytoid f. Illood sm(*ars, Hauer t(‘chunpie; 
A and /t, oil ininu*rsiou. IbX ocular, lh‘>X olijectiM*; (' an 1 />, di.\. IbX ocular, 
4oX o]g(M*tn(‘. 


Glycogen in Blood Cells of the Southern Armvworm 


PLATE 6 




cose (pi. r>, A and /^) iisiially possessed ^lyco^en in fewer blood cells 
than did the larvae rec^dving the larger quantities (T and />) . In one 
of the larvae that ingested the larger ainoiints of glucose ap[)ro\i- 
mately 85 pei’cent of the blood cells contained glycogen. Some of the 
cells from these larvae contained numerous and often relatively large 
glycogen inclusions. In general, it appeared that the gn'ater the 
amount of glucose in the foocl and the longer the time of ingestion, 
the gi'eater was tlie amount of blood-cell gl\ cogen. 

The few observations made also indicated that the feeding of large 
amounts of glucose in cornstaich-turnij) leaf sandwiches to sixth 
instars increased their inidgut-epithelial-cell glycogen (pi. 0). 

KINDS OF HLOOI) AND MIDGUT EPITHELIAL CELLS CONTAINING GLYCOGEN 

111 none of the blood smears, whethei- Gained by the Ihnier, tlu* Best, 
or the Liigol method, were all th(‘ ditferent typ(‘s of blood cells identi- 
li(*d with certainty. No attenqit will be made in this ])a])er to present 
a complete classilicat ion of the bl<K>d cells of the southern armyworm, 
since this subject is being inve'-^t igated as a separate study. The blood- 
c(dl tyjies mentioned here are described and named in accordance with 
a t(‘ntativ(‘ classiHcat ion. 

Whim larval* wei’e reaianl on tnrnij) or collard leases, only a part 
of their sm(‘ar<‘d blood c(‘lls wen* observed to contain glycogen. Jn 
till* gl\ cogen-stained smears from lir>t. second, oi* third iiistars the 
uhmt ilieation of blood-cell types was part iiailarly diflicult. and in 
M)nie was inqiossible. In smears from the later in^tars. how'(*vei\ 
i‘S|)(M*iall\ the lifth and sixth, and fi’oin the ])repuj)al and early juipal 
stages, tlie bloo(l-c(*ll typ(*s, h(‘i*e called plasinatocytes and (‘Vstocytes, 
ha\e been delinitely i(h‘iititied among the glycogim-conta ining cells. 
These ci‘ll types will be described here briefly, in terms of their ap- 
])earanc(‘ when obtainiMl from insects fixed in water at <>,0 ('. for 5 

minutes and stained Avith Wright's blood stain. 

d'he ])lasinatocvt(‘s are flattened blooil cells (pi. 7. />) with outlines 
that may In* markedly fusiform (pis. T, /> and AT S, />), fu^iformoid 
(pi. 7.-1)- ”i. e., tending to be fusiform but without definite]\ ])ointed 
'-jnndle ends — ovoid, round, or, at time'-. ])olymor[)hic ( pi. 7. />). d'he 
nucleus is eosinophirii* and punctate (pi. 8, //), lias well-detined chi*o- 
matin granules, and frequently has suggestions of chromatin threads. 
Jt Usually contains several bodies that are considered to b(* nucleoli. 
The nuclear structure may be obscured by overlying cyt<)])lasni (])1. 7, 
-1 and />), but there is much variation in the degree to which this may 
occur. The nuclear outline varies from nearly round (])ls. 7, A’; 8, 
AA') to an elongati'd oval (pi. 8, />), but mosi fr»'(|uenlly it is 
moderately ovoid. Often the nucleus has a grooved or notched 
appearance (pi. 8, 0). A bainl of baso])hilic cytoplasm frequently 
stretches across the visible sui-face of the niu*leus (pi. 8, A, IK 
and />), and in some cases has been interpreted to be baso])hili(* cyto- 
plasm in the nuclear groove. The cyto])lasm (‘ontains a ])oorly <level- 
oped to ATry AAdl developed vacuolization (pi. 7. -i). When poorly 
develo])ed, the cytoplasmic vacuolization tends to consist of a few 
irregular, colorless vacuolar regions of different sizes, Avhich may 
apjiear to be disconnected or irregularly channeled, or both. The 
})oorly deA^eloped A^acuolization has been obseiwed to iiredominate in 
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the plasnuitoeytes of the earlier iiistars. When the vacuolization is 
very well developed, the cytoplasm appears to be tilled with many 
snuill, uniformly distributee!, colorless vacuoles, not very distinct indi- 
vidually. \Veir-develoj)ed vacuolization has been observed chiefiy in 
cells from the late instars, particularly the sixth. Most of the observed 
])lasmatocytes of the older larvae, however, (exhibited cyt(yj>lasinic vaeai- 
olizations intermediate between these two extremes (pis. 7, B and E), 
The amount of (‘vtoplasm varies from cell to cell. In ^enei’al, plasnia- 
to(*ytes witli smallei* amounts of cyto])lasm relative to nuclear size tend 
to l)e the smaller cells and to j)ossess the more })oorly ileveloped vacu- 
olization, Avhereas plasinatocytes Avith larger amounts of cytoplasm 
i*elative to the nucleus tend to be the larger cells and to j)ossess the 
bettef* developed vacuolization; exceptions to this !*nl(‘ also o(*cur. 
hhvqnently the cytoplasm of the plasmatocyte also contains one or 
more ^ross colorless inclusions (])1. 7, Avhich lie in the finely A^acu- 
olized cytoplasm and often aie hxaited toward the spindle ends of the 
fnsifoian cell. Many ])lasmatocvtes from norniall\ fed larvae do not 
exhibit thes«* larp" vacuoles, but those that do may contain one or 
perhaps two lar^e vacuoles, and occasionally thiee or nioiv. The plas- 
matocytes lie on tlieii* flat sides in blood smears (]>!. 7, />). Their 
nuclei are flattened bodies, and it is probable that tlie lar<L»er of the 
cytoplasmic vacuoles are also someAvhat flattened. The cell peri])l»ei’i(*s 
of the plasmatocyles vary in distiiu'tness and often tend to be very 
indistinct (pis, 7 and 8). The plasmatocyte lias not been observed 
to ])ossess a d(‘finitely visible cellular membrane^. Tlie surface layiu* of 
the cyto])lasm seems to be a sort of labile ectoplasm, difl'erent from the 
vacuolized endo])lasm, especially in cells that hav(‘ be^un to undergo 
or IniAT nndei’^one a change in form. Observations upon blood from 
mature larvae, untreated or incomjdetely tieated by heat, showed that 
the ])lasmatocytes readily undergo pas^si ve-act i ve t ran^foiniations 
(//7). The ])Iasinatocytes have been observed in I he various instars, 
the ])repu])a, the inijia, and the adult of the southern armyAvorm. 
As indicated hy lilood sjnf;ars, they appealed to attain an optimum 
of cytoplasmic development in the mature larva (u- ])re{)U])a ami to 
decrease in numbers in tlie pupa. 

'riu*! cystocytes (fd. 9) are also slightly flattened but are much 
thicker than the plasmato<‘ytes. Theii- laitlines may also be fusiform, 
lusifornioid, ovoid, round, or polymorjihic. The nucleus is usually 
(eosinophilic but .sometimes appears to be basopliilic; it is mor(‘ or 
h'ss ])unctate, is, usually ovoid to round, and is tn‘(|uently mucli 
ob.scuT*ed or completely hidden by the cytoplasmic inclusions. The 
cytoplasm is basophilic, but contains hir^e eosino])liilic, saclik(e in- 
clusions, to Avhicli the teim “cyst” is here ajqilied (])1. 9, h and c). 
At times the perinuclear cytoplasm seems to cloak the nucleus with 
a spurious basojihilia. The main body of the fully develojied fusiform 
cystocyte may become bloated with eosino])hilic cysts, Avhereas the 
sjiindle terminations of the cell remain thin, lightly baso|)hilic, and 
comjiletely free of cysts. Sometimes, hoAvevTr, it is difficult to detect 
the spindle ends of these cells. The mimlHu* of cysts and the decree 
of eosinophilia in a cell vary p-eatly. The cystocytes do not exhibit 
distinct cellular membranes, but, like the plasinatocytes, appear to 
possess a sort of labile ectoplasm, Avlreh can be more distinctly 
observed in cells under^oinp: oi* having undergone form changes. 



I*Iasmiif<)(*yl<‘s, shouiii^ \ (‘yt<>i»l{i'‘iii I. Fusiforiuoid piasinato 

(*yU' ; U, i>olj jnorphit* i)la''nia!o(‘.A le : (\ />, /;, fiisiforiu plasma t<K-yl(*s. In 
oacli casi' ilio Nacuohzod (*,\ tojdasiii, as b in 1, tends to ohscniv llu‘ nnelons, 
as a in .1 and (\ and tliere is no distiind eell im*inbrano. Tiie plasinatoo.N to 
in r contains a larjrc c.Moplasinic \acnole, d, wliicli rostMiililos a i^l.vcojxcn 
inclusion in form and location: the other plasma 1 oc.\ te.s are nithoiit ^rross 
\acnoles In /> the \acnolizallon Is \isihle only at the ends of tin* cell; 
one of the sjnndle <*nds, r, Iiappens to he folded in such a way as to 
deinonstral<‘ the llattened form of the cell. HIoikI smears, Wri^lit’s tech- 
iiiipie; oil immersion, loX ocnlai, h3X object i^e. 
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Plasma tc's handed and notched appeal aiKv ol mu lei I and B 

represent tlu* sanu' eell. t slums the deeph stained mieleiis, a, a< ross whieli 
extends a e.vtojilasiuie band, b, and tlu‘ relatively larj^e aiea of thinl> spread 
^a<M^oIized <.\topJasin, v; jio distnut eell meiiihrane apiH*ars. H shows the 
punctate ami banded structure of the nucleus more clearly; ii is a chromatin 
mass, b IS the cytoplasmic band, and c is the nuclear notch in ^\luch the c,vto- 
])l.tsmic band atipears to be. I'wo plasmatocy te^ ; in one, w, the nucleus 
presentvS a notch, h, which is associated with a band not visible in (he illustration ; 
in the other, c, is a larp' cyto])lasmic vacuoie, <1, in a finely \acuolized cyto- 
plasm; the (*eUs possess no distinct cell membranes. 1)^ l*lasmato(*yl(‘, u, con- 
taininj; a nucleus aero«-s which stietches a cytoplasmic hand, h; the extremely 
elongated, snakelike C{‘11, c, here called a nematoeytc, also has a handed nucleus, 
</; ^;lyco^?en iiielusions appear as dark masses in the eyioplasm of a number of 
eells, ns at (-j; thos(* in colls a, 1c, and I occupy polar iiositioiis; the ends, m 
and ?i, ol the nematoi-yte, v, e\t(’nd for some distance out of the picture. Blood 
smears; 4. /?, and i\ Wright’s teelini(iue, 15 x ocular; D, Bauer leehnicpie, IdX 
ocular; oil immersion, fillX objective*. 



< :ysl()( jtos showing main body of tho cytoplasm loaded with cysts, as h and c. In 
A the spindle ends, it and c, of the cystocyte, a, contain no cysts, and are very 
faintly vacnollzed and very thin; a ijlasinatocyte occurs at /. In B the spindle 
ends, (t and c, are tinely and faintly \acnolized, and the deejdy stained punctate 
nucleus, //, is partly obscured by the surrounding cystic cytoi)lasin. No distinct 
cell menibrane appears in .1 or B. In C the spindle ends, d and c, are almost 
invisible, and the punctate character of the dec'ply stained nucleus, (/, is not 
visible. The cystocyte in J) illustrates the cystic character of the main body 
of the cj^toplasm, a cyst being especially evident at h : the spindle ends of this cell 
arc invisible. The dark lines between the cysts represent basc»philic cytoplasm. 
Blood smears, Wright’s technique; oil iiiuiiersion ; 15 X ocular, 98 X objective. 


Glycogen in Bioorl Cells of the Southern Army worm PLATE 1 O 



Vsiriuus tissues from smears of a sixth-iiistar Prodcnia vrhVania fe<l tiiniip-lcaf- 
eornstarch-glueose samlwieh : A, Ganglion of the ventral nerve cord; large black 
area?: at a, ft, and c indicate a positive reaction for polysaccharide. B, Labial 
gland ; or-e are polysaccharide inclusions, and the dark area, /, indicates a 
position Bauer reaction. V, Region of a Malpighian tube, the edge of which 
appears at a ; tissue appears to be loaded with polysaccharide, as at ft, and to 
contain heavier polysaccharide inclusion.s, as at c, d, and e. D, Part of fat body, 
showing polysaccharide distributed throughout; the larger inclusions, as at 
«, ft, and c, are in areas of thionin-stained protoplasm, as d, c, and f, E, Gonad, 
showing polysaccharide inclusions, as at a-d. Bauer technique, counterstaiiied 
with thionin; dry: A, lOX ocular, lOX objective; B, V, Z), and E, lOX ocular, 
45 X objective. 
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Lik(‘ tlie |)lasinat()(*yte, t Ju‘ (‘vstocylr is cajiabk* of uiidci'^'oiii^ passive- 
act i\(* traiisforiiiat ions, (ystocyti's Inivi* not been obserxed in the 
t*aily instars. Tli(‘y ajipeai* later and tend towaid a inaxiimnn of 
cVto])lasini(* de\ el()])inent and of numbers at about the ])i*ej)uj)al or 
]aipal sta^e. Tlu‘y decrt‘ase to a mininnmi oi‘ compUdely disappear 
in the ])Upal period. 

The plasmatocytes and tlie cystoc\tes were the chief Idood-cell types 
in wliicli ^'lyc(j^en was observed when larvae \vei*(‘ not fed ohicose 
lait were reared on turni]) leaves or f<Ml turni}) or collard leaves for 
a (‘onsideriibh* lime. \Vlu*n the turnip or collard U-avi^^ wei*e supiile* 
nienled by a moderati* carbohydrate (liet (foi* exani|>l(\ cornslarcli or 
corns! arcJi with a small amount of ^Incosi') for only a sliorl time, 
^lyco^en was also observed «)Ccasionally in some of thi‘ other types 
of blood cells. But when laiAJU' Aven* fed th(‘ lar<>(*r amount^ of 
glucose for a sufficuait ly Jon^ time, ^lyco^en could lx* obsiuved in 
most of the blood-cell types, insofai* as th(*y could lie identiiitHl in th(‘ 
^lyco^en-st a ned smears. For exam])le o:lycopm app(*ared in some 
of the cidls here named '‘‘neniatoi'vti s" (])1. S, />. < ) and ^d^^*^.vp<><l<‘t‘yt(‘s" 
(|)1. 18, y>, (/). (\*rtain types of blood (*ells, amon^* wliicli were the 
oenocvtoids (])1. 5, (\ /. and /), were usually found to sliow’ no 
^lycooen. 

UJyco^en inclusions liave beim obserxed in mitoticaliy dividing 
lilood ci'lls, appaiently distributed tothc* Ixxo prospi'ct ix'i‘ dau<i:hter cells 
in une<tual amounts. (Jlyco^en was found also in some ))rol(‘u<*o(*ytes. 

d1ie smeared midjSiut epithelial cells wviv fnxpu'iit ly reco;j:nized as 
bein^i i‘itlu*r columnar c(‘lls (n* ooblet cells (//^). (i1y(*ooen xxas 
obserx(‘d in many but not in all of the columnar i*<'lls (pis. 8, .1 and 
B: KA r;(») ID a ^iveii snn*ar. 

JN'rHACKLnULAR LOCATION AND AIT’KAKANCE OF GLYOOlUON IN RLOOl) AND 
MIUGITT EPITHEniAl, CELLS 

d'he ^*lyc<)^*en inclusions of tin* blood c(*lls ap})eari‘d in the foian of 
small oranuh's, rounded mass<‘s of various sizes and sha|>es, ami ir 
n‘;i::ular masses of ditierent sizes (pis, I, ‘J, aiul 5). In certain ceils 
from o-liicose-fed lai'vae the cvto])lasm had a mor(‘ oi- l(*ss <liiluse ^lyco- 
^(*n stain, and such cells often contained moie di‘.eply stained inclu- 
sions. (ilycooen inclusions xxtuv not obseixax! in the nu(‘lei of the 
blood cells. 

'The ^lycoo'en inclusions in plasmatocytes from insects r(‘ared on 
turnip leax’es usually consisted of one or two round to ovoid masses 
sometimes located one at eacli j)ole of the cell (pi. J, and .1). 
They Avere similar in location, size, ami shane to the lar^e, colorless 
])oiar vacuoles in the plasmatocytes of Wripil -stained smears (pi. 7, 
('), Sometim<\s a number of ^lyco^mi inclusions xxer(‘ obserAaxl in a 
single cell (pi. 1, U K; T), ])articularly in tin' ])repupa. (Greater 
numbers AV(*re obseiwed in some of the ])lasmatocytes from the ohicose- 
fed Jarx^ae, appearing as rounded, ovoid, or someAxdiat ii re^ular masses 
A arvin<y from the size of a panule to that of a nucleus. An inclusion 
occurriiifj singly in a cell Avas also observed to lie anyxvhere in tliis 
ran^e, altliou^h usually it aatis larger than a granule (pi. 5, C and D), 

Tlie. ])lasmatocytes sometimes contained frlyco^en iiu'lusions in Avliich 
the glycogen reaction ap])eared faint. Sometimes the red color (Ban- 
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er's s(jim) was localized at tlie peripiiery of tlie inclusion, the center 
appearing- ])ale or colorl(‘ss and the entire inclusion having* a vacuolar 
aspe(*l . 

The glycogen inclusions of tlie cystocvtes also ap])eared to vary with 
the f^lucose intake. Fretiuently blood smears contained ^lycoj^en in 
the plasinalocytes, thouj^li j)ractically none \Nere ol)seryed in the c\s- 
to<*yt(s. When ^lycof^en inclusions \\(‘i*e obseryed in tlie cystocytes, 
they usually api)eared as seyeral small /j^ranules distributed irregularly 
m the cytoplasm, as many small granules scattered! throuf»houl tin* 
cyto])lasm, oi* as some condition of granule occurrence between tl;(‘se 
two extivmes (pis. ii, (' : 5, (' and />). Somt*times cystocytes contain- 
ing a numbei* of the small glycogen gi’anules also contained one or 
more larger, irregular glycogen inclusions (i)l. a, C and I>). 

In the smeared columnar epithelial cells of the midgut, glycog(*n 
inclusions aj)peared sometimes as irregular ])atches IkH ween the nucleus 
and tln^ end of the cell (pis. 4. J and (>), at other times as masM*s 
located in rithei* regions of the cytoplasm. These glycogen inclusions 
were frecjuently elongated in the direction of the long axis of the cell. 
No glycogen was observed in the nuclei of these (‘ells. 

THE GEYOOGEN COUNT AND THE GLYCOGEN INDEX 

(flycogCMi counts were made from a number of blood smears obtaimnl 
from larvae fed turnip l(‘aves, collard leaves, and turnip leaf corn- 
starch sandwiches (jontaining different amounts of glucose. 4'he lai'vae 
were fed for different lengths of time. Some of tliese larvae serv(‘d as 
nonpoisoned controls in ('xj)eriments on the effe(‘ts of ])oisons on blood - 
(*ell glycogen. Some of the control larvae were ligatured by means of 
a string tied tightly about the body to separate it into apj)roximate 
anterior two-third and j)ost(*rioi‘ one-thi]‘d poj'tions; these larva* 
yielded counts from the hire and liijid ])arts of their ligatured bodies. 
The p(U*iod betw(‘en appli(*ation of the ligature and sam[)ling of the 
blood ranged from 1 to hours. Other control larvae were lt‘ft 
unligatured. Under these different condiiions tin* blood cells vei*e 
found to contain various amounts of glycogen. TIk* glycogen counts, 
howtwer, exhibited similar general characteristics. 

The fundamental foiTU of the glycogcm count is sIioami graphically in 
figure 1, .1, in which the i)lotted ])oints are i\verages of i)4 counts from 
78 larvae (21 ligatured plus 52 nonligatur(‘d ) used as controls. This 
grai)h shows that on an average, evim though counts from larvae ted 
larg(‘, amounts of glucose were included, most- of the blood cells con- 
tained no glycogen inclusions, some contained one inclusion, fewer 
contained two and still fewer thn^e inclusions, and more cells (‘on- 
taim^-d over three inclusions than contained thn'e. The glycogen (‘ount 
thus consists of the following classes: 0, 1, 2, 3, and 34 . The gi'aph 
repivsents the general form of the majority of the individual counts. 
As shown by the glycogen index, the average larva of this grouf) had 
glycogen in about 31 percent of its cells. In a few instances the 3-f- 
class contained fewer cells than the 3 class. Examination of the (‘or- 
responding blood smears showed that the cystocytes contained little or 
no gljTogen. 
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Figure 1, B, represents the average glycogen counts for the 21 
ligatured and the 52 non ligatured larvae. The two curves are of 
the form sliown in A, and differ chiefly in that they have different 
glycrogeri indices. 

Figure 1, f/, shows the average glycogen counts from the fore and 
hind parts of the 21 ligatured larvae. The average fore and hind 
end values are so similar that they might be represented l)v a single 
curve. The averag<‘ gly< ogen indi(*es are nearly the same. 

In figure 1, are gly(‘()gen counts grouped according to tlie sizc^ 
of their (‘orresponding gly(*ogen indices. The curves show the way 
the glycogen count (?hanges with (diange in index. As the glycogen 
index increases, the numher of cells decreases in class 0 and increases 
in the otluu* classes, as must happen; furthermore, the cells in class 
1 become relatively more numerous than the cells in class 2, which 
show" greater relative increase than the cells in class Ih and (‘lass 
undei'goes a gin^ater relative increase than class W. Wluai the 
glycogen index exce(Mls a certain value (fiO-TO per(‘(mt in these 
experiments), the peak of the curve passes from class 0 to c‘lass 1. 

Figure 1, shows the average glyc.ogen count for 11 turnip-leaf- 
fed lai’vae. This curve has the general form alr(‘ady indicatiMl in 
At-D. Other curves show the effect of counting sejiarately thi‘ 
cystocyt(\s and the c*el]s other than cystoc^ytes. When blood cells 
exclusive of the cvst(H*ytes w(U’e counted, the (*ells of class il-f- Aver(‘ 
not more but h'ss numerous than those of class lb th(‘ (*ystocytes wei‘(‘ 
more nuuKTous in class Jl-f- than in class oi* (‘lasses 2 aiid 1, and 
in (‘lass I the (‘ystocytes outnumbered the other (.‘ells. 

Figure 2 shows the fr(*(]ueiicy distribution of the gly<‘()g('n in(lLC(N 
of the 21 ligatured larvae (fore and hind ends), the 52 iionligatunMl 
larvae, and the 73 ligatuivd plus nonligatured larvae used as (‘ontrols, 
with ivgard to their respective averages of 34, 29, and 31 j)ercent. 

Figure 3 show^s average glyi'ogen induM's of the second to sixth 
instars, and of the prepu])al and pupal stages. Tlu‘ averagers are 
based upon determinations from 5 s('con(l, (> third, 3 fourth, 8 fifth, 
and 11 sixth instai’s, (> pi‘ei)upa(‘, II pu]>ae 1 day old, 3 pupai* 2 days 
old, 2 pupae 3 days old, and 4 pupae 10 days old. Although the 
number of inse(;ts used was not great, figure 3 indi(‘at('s the manner 
in whi(*h the glycogcm index varied wdth stage of laj-val devidop- 
ment. and with metamorphosis. The average index for the sixth 
instar was 31 ])(U‘(‘ent, and for the prepupa 35 percent, (ilycogen 
was not found in larvae at the time of hatching; therefore tlie gly- 
cogen ind(‘x was 0 at that time. During larval (Welopimmt the 
glycogen index increased until it attained a maximum in the pre- 
pupa, It- rapidly decreased to a very low’^ valuta during the first few 
days after pui)ati()n, and continued low^ throughout the rest of pupal 
life. The few’ incidental observations made on the adults indicated 
that the gly(*ogeii index of the adult l(*nd(Hl to be very low. 

POLYSACCHARIDE IN OTHER TISSUES 

Incidental (ff)servations were made of a polysaccharide, stained 
by the Bauer technique, in cells other than those of blood and inid^mt 
epithelium. Since the Bauer method gives positive results with pmy- 
saccharides other than glycogen, and since only the Bauer method. 
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GLYCOGEN INDICES 

P^IOUKK li llistoj^rain sliovvmjj: tli(‘ froqiuau'y (iistribulion of b4 ijjlycoj^on imlices 
from toro oiids and hind onds of *J1 UpUurod larva(‘, from 5:: nonligatnred 
larvao, and from the total 7‘i lijjatured plus nonHaatured larvae of Prodmia 
rridauHi nsc‘d as controls. 
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Figukk 3. — Flian^e of averaj;e gly«*ojxeii ind(*\ with development of Prodenm 
aridmua. Alojig the abscissa roman numerals represent iuslars and arabic 
iiumenils represent days after hatching. Tlie broken-line curve is hypothetical. 


without coiniterproof, was a})])lie(l to most of these tissues, the 
broader term ‘^polystieeliaride” is liere used except in those cases 
Avhere the Liigol stain was also applied. 
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The polysaccharide was delected in the followiiio; tissues of a sixth 
instar tliat liad been fed overjiiglit on a tnrni]) leaf-cornstarch-glucose 
sandwicli, and whose blood-cell glycogen index was 35 percent: 
Ganglia of the ventral nei ve cord, labial glands, Malpighian tubules, 
fat body, oenocytes, testes, j)ericardial cells, integument, walls of the 
foregutrand hindgnt, niidgut epithelial cells, and striated fibers of the 
body muscles, the gut musculature, the cardiac muscle, and the alary 
muscles. It was not determineil whether the polysaccharide in the 
ventral nerve ganglia and the inttu-gangl ionic connectives (j)!. 10, d) 
was localized in nerve tissue or in associated nonnerve tissue. The 
polysaccharide inclusions of the labial-gland cells (pi. 10, B) appeared 
to be numerous, irregular masses of various sizes, many of a coarse 
granular aspect. The Avails of the Malpighian tubes (pi. 10, C) con- 
tained numerous coarsely granular polysaccharide inclusions, whose 
relation to the tubular cells Avas not definitely deteiinined. Simi- 
larly, the cytological location of the mimeroiis polysaccharide iiu'lu- 
sions of the fat body (])1. 10, />) Avas not definitely determined. The 
polysaccharide of tlie striated miis(*le fibers of the body (pi. 11, ..1), 
of the fore, mid, and hind parts of the gut (pi. 11, //), and of the 
cardiac muscle (pi. 11, C) appeared to occur dinusely, but in addition 
appeared j^articularly concentrated at the cross striations, whicli W(u*e 
seen as deeply stained double lines. The ])olysaccharide of the alary 
muscle fibers (pi. 11, R) appeared slight but also associated Avitli 
the cross striations. The oenocytes were opaque, but in places their 
cytoidasm appeared to be filled Avith gi'anular polysacchaTude inclu- 
sions of various sizes and shapes. Polysaccharide Avas associated 
Avith the testes (pi. 10, A’), but the kinds of sells containing it Avere 
not identified; it Avas not detected in scA’eral stag(\s of developing 
germ cells that AA^ere examined. The cytoplasm of the ])ericardial 
cells (pi. 11, />), contained mau}^ atit small, granular polysaccharide 
inclusions. Polysaccharide Avas also found in the integument, but 
its cytological location aa jis not determined. I'he sclerotic' membi'anc 
of the integument, as Avell as the sclerotic linings of the fore- and 
hind-guts, gaA'e a positive reaction Avith the Bauer technique. T’oly- 
saccliaride inclusions AAcre not obseiTcd in those nuclei AAhos(‘ stnu*- 
T.ure could be sufficiently examined. In the smears of the fat body 
some of the polysaccharide inclusions Avere associated Avith definite 
masses of basophilic protoplasm (pi. 10, /I), but whether Avith nucleo- 
plasm Avas not determined. 

In some of the early iiistars polysaccharide Avas found incidentally 
in the Malpighian tubes, labial glands ([>1. .1 ), and oenocytes ( pi. 

12, A), AAlien Bauer’s technique Avas employed, and in the labial 
glands and ocjiocytes AAlien they AA'cre stained Avilh Lugol’s solution. 

EfTECTS OF DIFFERENT FIXING AND STAINING METHODS 

Although at least traces of glycogen A\ere detected histochemically 
with nearly all the fixatiA^es mentioned und(‘r Methods, preliminary 
experiments Avith differefit fixatives and Avith the Best and the Lugol 
staining pro<*edures led to the conclusion that the most satisfactory 
fixations were obtained Avith Carnoy’s fluid and Avith absolute alco- 
hol. This is indicated for the Lugol procedure by the glycogen 
indices giA^en in table 1, Avhich were obtained from two larvae that 
had fed overnight on glucose-cornstarch-turnip leaf sandAviches. 



Glycogen in Blood Cells of the Southern Arm>worin PLATE 1 1 



I )iiy<'rt‘iij kinds of iniisth* libors from sii'oars of a si\tli instar Prodemu c/tdtnnn 
iliat had hncMi fod t nrnip-l<*af-<'ornstareh-j»hicos(‘ sandwich: A, Part of body 
nnisclo with cross striations, as at a; Ji, branched iniisclc tihcTs of the foregut, 
as at o, b, and c, showing cross striations, as at c, and l>acteria from gut 
contents as at d : (\ cardiac muscle, with cross strititions, as at n d, ami 
lih(‘r houndaric‘s, as at c and / ; J), alary miisch* tihers, a and b, with cross 
striations faintly visible, as at //, and /t, pericardial cells, c, and cardiac 
muscle, d, with cross striations visible at c. Polysaccharide api>ears diffusely 
throughout the muscle and muscle libers, and is especially concentrated at 
the cross striations; in the pericardial cells it appears tis small granules 
distributed in the cyloidasm, which accounts for tlie ilarlf areas i and j in />. 
Bauer technique, counterstained with thionin ; dry: PiX ocular, 4r)X objective. 
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PLATE 12 





Tissue siij(‘ars from a ^-I'liour-ohi tirst-iiistar Prodctna vridama fed turnip 
leaves, showing polysaccharide inclusions: A, In cells of a labial gland, d, 
at a, &, and c: Bj in some faintly stained oenocyl^s at a, by c, and d. Bauer 
technique, eounterstained^ with thionin; dry; lOX ocular, 45X objective. 
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Glycogen indices from Bauer-stained smears of these larvae were 35 
percent for larva 1 and 25 percent, for larva 2. 

''rAiiLE 1 — {d(’qmu u of ihflcivnl fixnlivva irhcn uacd inth thv Luf/ol putocdurc, 
as indiratvd hi/ the (/lurof/i ii index ‘ 
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J1u‘ olyco^(4i inclusions of t he blood cells and mi(ii»;ut »‘pithelial cells 
\ver(^ ]iiore clearly defined in the thionin-counterstain(‘d Bauer smears 
than in the wet t-ai^ol pi‘e])arations. Chi’omic' acid iixat ion involved 
sojne shrinkage* of eith(‘r (‘ells or plasma film, or both, as indicated 
by a space Ix^tween <*ell and plasma (pis. 2, (': 5, t' and 1>). Al- 
thou^li the* thionin countei-stain persisted for months, (*ventually it 
faded. None of the saliva-t reated smears contained glycogen, and none 
of the smears treated according to the mucicarmine method of Mayer 
gaAC ])ositive r(*sults, although they were 1 1*0111 larva tliat contained 
blood-cell glycogen as indicated by the Baniu* reaction. 

I^lab's 13, A, and 14, A and illiistrate the results (obtained by com- 
bining Best's carmine and the Wright ti‘chni(iues. In (*ells thus stained 
tlu* eosino])hili(* nu(*lei and baso]>hilic cytotilasins w(*re staiiu'd as with 
the Wright ))i‘ocedure alone and the glycogen in(‘lusions were stained a 
dark blue. Blate 13, //, shows cells stained v ith Best's carmine and 
counterstained with Ehrlich’s haematoxylin. The glycogen in(‘hisions 
arc stained the usual carmine color. 

DISCUSSION 

OCCURRENCE OF BLOOD-CELL GLYCOGEN IN ANIMALS 

The results described jibove show that the a])])earance of glycogen in 
the blood cells of P nodeiua eridunio is a normal occurrence. I he (jues- 
tioii naturally arises as to whether the southern armyworm is ex(*ep- 
tional in this respect or whether such occurnmee is general among 
animals. The authors have found in the literature no ]riper on ins(*ct 
bloo(l-cell glycogen and only a few jiapers that deal incidentally with 
its histochemical detection, Vaney aiid Maignon using the 

gurn-iodine method and the gentian violet method of Lubarseb, re- 



272 of A<i nmltund li(\^c(frch Voi. No n 

poi'ted the liistoclieiiiical detection of <^lyf*o^en in ]eiicoc*yt(‘« found 
as«ociat(‘d with adipose cells in the silkworm during metamorphosis; 
they consider the glycogen not to be of liistolytic origin. liudolfs 
also using iodine and gentian violet staining methods, reported 
the detection of glycogen in the leucocytes of the adult tent catapillar 
{MdJdcosonia amovlcmut (F.)). I)e Tioissezon (76*) leported that, 
using the gum-iodine and Ihvst’s <‘armine methods, he found no glyco- 
gen in the amoebocytes of the nioscjuito Culcx pJpieihs L., and Paillot 
(76), using (TendreV method of fixation and the staining methods of 
Best and Lugol, reported no detectable, glycogen in the bhjod cells of 
(he silkworm.’* Bogojavlensky (f 0^ using Carnoy's fixative and the 
Best carmine and the Lugol iodine staining methods, ftaind glycogen 
in the s])indle-shaped leucocytes and the proleiu'ocytes of Cavaii.s}uH 
inorofots Brunner and, by implication, in seven other spe'*>es of Orthop- 
lera that were used for comparison: he also found a litth* glycogen in 
small, round blood cells, but not in the proleucocytes and spherocytes, 
of the silkworm and, by implication, of nine other species of Lepitlo])- 
tei-a. JtonzfHii and Bishop ( , using chemical nu^thods, found that 
ill (he mature feeding and (he spinning honevlx^e larvae the concentra- 
tion of blood glycogen was less than 10 mg. j)ercent — i. e., not detect- 
able — and that Idood glycogen a))])eared in givater concentrat ion — i.e., 
became det(‘ctable — only at a later stage, when the (‘ells of the fat 
body broke down during met amor] ihosis. Their woik did not indi- 
cate whether the gly(‘ogen <»ccurred in blood cells. Kov (6.7) failed to 
detect glycogen in the blood of the larva of the wax moth {(ralhria 
mcllotiella (I-)). 

Babers (d) found that the normal glycogen content ol the blood 
of the sixth-instar southern armyworm was from 1.3 to 4.5 mg. [)er 
100 ml., Avith an average* of a])])roximately 3.3 mg., and that the 
gly(3ogen content of ])Ooled blood from lai’vae that had fed overnight, 
f/ii glucose ranged from appj'oximately 13.5 (o 33.4 mg. y)er 100 ml. 
In one experiment Babers found that a blood sami)Ie contained 17.42 
mg. of glycogen ])er 100 ml.. <d‘ AAhich 1().5 mg. was in (lie (‘entrifuged 
(*ells and only 0.92 in the sn])(*rnatant j)lasnia, and he suggested that 
the plasma glycog(*n niav have come from some c(*lls rn])tured by 
centrifuging. Babers’ glycogen lvalues AAdv obtained from the blood 
of insects that had been imm(*rsed in Avaler at (>0 ^ (\ tor I minute. 
Thus, blood-C(dl glycogen is rejmrted to occur in the silkworm, the 
tent cateri)ilhir, the southern armyworm, Carti^i.sian y/io/wz/.v, and 
according to the im])lications of BogojaA hmskyV [)ap(*r, in a number 
of othei’ species of (Irthoptera and Lepidoptera. 

Blood-cell glycogen has also been reported in invertebrates other 
than inseH'ts. Barfurth (-7) sugg-e^ted that it probably occurs in gas- 
tropods as well as in Cru'-tacea. (^reighton (^2) found glycogen in 
the blood c<dls of snails. Biedermann (12) stated that glycogen 
occurs in annelid leucocytes. Its o(*(*urrence in various t)rotozoa is 
indicated by Pflliger (rV./) and Biedermann (12), who refer to other 
literature, and by Giovannola ( {/) and Creighton (22), 

Tho aut’iors fouiul <>f Tiauer pasitivi' i>olysaochari<l<‘ iii tli<» blood coIIh 

of a or ‘l-da^-oltl first-m«t«r silkworms tliat bud boon fod only lottuce loavrs. Those poly- 
‘*accharulo inclusions appeared similai to the jrlycoiion inclusions of 8onti»f*rn armyworm 
blood colls — i. c., in plnsmatocytcs — and no doubt w'crc* pl.\coj:cn imdnsions ITo%vovcr. 
hhiod coUs of ^.ilkw'orms thnf vxoic roared on mulberry le,MV(»s and were ncarimr the end of 
tlndr lar\al life showed no poMtiM^ i-fartion to the Ibiner t<’<'hni<(ne. 
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Blood coll'^ from a sixtli-in^tar Proffr.nia vruianm roartMl on turnip loa\os: A, 
Blood smear stained by combined Best's and Wright’s t(‘cbni(iues ; Ji, blood 
smear stained by Best’s metliod and comiterstained with Ehrlich’s haoma- 
toxylin. Lar#?e glycof^en inclusions in A are shown at a in plasmatocyte 1), 
and at c and elsewhere in xdasmatocyte d : in P in plasma tocytes a, b, and r, 
at d, r, and f. respectively; f/ is a polypodoeyte, witli pseudopodlike extensions 
of the cyt<>ptasm, as at b. Oil immersion; lOX ocular, i)HX objective. 
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A, P]asmat(K\vto from a blood smear of a newly formed puya, and B, inidgut 
cells from a tissue smear of a second instar of Prodcnia eridavia, both stained 
by combined I5est’s and Wright’s techniques. .4 shows a large glycogen 
inclusion, a, and several small inclusions, as at h; in B glycogen inclusions 
appear as black masses, as at a-f. A, Oil immersion, lOX ocular, mx objec-tive* 
B, dry, lOX ocular, 45X objective*. 
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Most of tile lit(‘r‘atiire on tlie oecunviKT of l)l()o(l-fell ^ly(‘()^en of 
vertelmiles appears to have reference to niaiiiinals, particularly to 
inati.‘* Ranvier {SIf) found /Ltlyco^eii in fi-oo- l(»ucocy(es and, at*cord- 
ing to (xiradin was <li(‘. iirst iinesli^ator to denionst j-ate ^lyco^en 
in leucocytes, but Scliiifei* (/AV) also early I’etei’red to ^lycopni in leu- 
cocytes, presiiinahly of man. Barfurth failed to find ^dyco^en in 
either cells or plasma of fi’Of^ blood and did not obtain decisive le- 
sults on human blood, but he reported blood-cell ^lyco^tm in ver- 
tebrate leucocytes. Frei-ichs ( J6'), (iabritschewsky (rAV) , Dastre (:.V), 
Kaminer (o6'), Bak'ktn* (^). Willstiitter and Rohdewald (Wr>), 
Fieschi and Jiertola (.>V), Gii‘adin (iolandas (};>), Staiib and 

(Jolandas AVallbach (MV), linshelm (M>), Kotschnetf (67), 

Jlavet (,f/), Howell (;>{, p. SSJ)^ Downey (7/y), Kai’sner {fj7\ pjr 
and Cowdry (7/) ai(‘ soim^ authors who slatt^ lliat ^lyco- 
^(*n occurs normally in c(*rtain leucocytes of mail aim ollun* mam- 
mals (do^, cat, calf, h(*rbi cores, horse, rabbit). It would set‘m that 
usually ^lyct)o’(*n occurs chiefly in the ^i*anulocyU*s, (specially the 
n(‘utro])hiles, and to a sliohl decree or not at all in the lymphocytes 
and moMocvt(*s; s<‘(‘, for e\am])l(‘. (liradin ( {7). Dowm^v (76). (k)wdrA 
(77). 

AccoT’din^ to Dastre (7.>'), ^lycopm was first obsorvc'd microscop- 
ically in ])us (‘i*lls by Kiihm* (iStir)) and was sliown by other in- 
vestipitors, whosi‘ ])a[H‘i‘s DastJ*e cite*^, to Ixm'ouk* more (‘videntt 
microchemically iimhu* certain conditions of disease. FiesGii and 
Bertola (77), (iiradin (y7)' Ihishelm and Karsner (77, />/>. 

HI -ill) also consid(‘r leucocytic ^lyco^tm in j)atholocical conditions, 
primarily in the blood of man. 

It thus ai)p(‘ars from tin* literature that blood-ccdl ^’lycooen (xanirs 
amon^ protozoa, anmdids, molhisks. crustaceans, insects, am])hibia, 
and mammals, iiududin^ man. Althou^li the obsiuvations on mol- 
lusks and crust accaiiis s(*(mi to be very fen, it is ])j*ol)abk‘ that blood- 
cell ^lyco^cm is of general occurrence amon^ animals. Tliis 
conclusion is in acc<)rdanc(‘ with tin* conc(‘pt e\i)j*essed by Bernard 
(<V), Barfurth (7), and Dastn* (77) that ^ly(‘oi»vn may occur in all 
or most tissues of all or most animals. The southern armyworm, 
therefore, is not excc'ptional in (‘ontainin^ ^lyco^eii in its (‘irculatin^ 
blood cells. 

INFIAIENCE OF NUI RITIONAL CONDITIONS ON BLOOD-CELL CLYCOGEN 

The results of the exptwiimuits Avith iieAvly hatched southern 
armyworm larvae indicate that the a])pearan(*e of both ))lood-(*ell 
and gut-cell glycogen is deiiendent on food intake, i)articularly that 
of carbohydrate. With sixth instars the amount contaimnl in the 
blood (*-ells varies with nutritional conditions, es])ecially the amount 
of carbohydrate ingested. Thus, iirolonged starvation may cause 
the disapj)earance of blood-cell gly(‘ogen, and the ingestion of rela- 
tively large quantities of glucose may (*ause glycogen inclusions to 
appear in a large percentage of the larva’s blood cells. 

Such dependence of blood-cell glycogen on carbohydrate intake 
may hel]) to explain negative results such as those re])ort(‘d by 


" V niiinlM'r of tho rofiMviicos doalin^ Mith RlyroKoii in vortolirnto blood ndls with kiinlh' 
supplied by (\ N II. Lon??, of Yale Uiiivorsily. 
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de IJoissezon (76') and Paillot (W), as well as tlie marked individual 
differenees in both blood-cell and gut-cell glycogen that were noted 
ill the iiresent investij;ation. Harnisch { 40 ) found no evidence of 
glycogen resynthesis in C hirooomnsi larvae during post-anaerobic 
recovery, except through the ingestion of food. Kato {oS) found 
that inoru glycogen apj)eared in silkworm larvae fed immature mul- 
beri’v leaves than in larvae fed mature leaves. Kato, J\liwa, and 
Negi {oU) obtained glycogen increase in silkworm larvae uj)on add- 
ing sugar to their diet. Kuwana {OS) found that glucose ingestion 
caused an increase in total reducing power of the blood in silkworm 
larvae and considered an increase of glycogen or of a carbohydrate- 
protein com))lex to be involved. Thus, it may be expected that, 
other conditions remaining the same, an increase in the carbohydrate 
content of the leaves upon which tlie larva feeds will result in an 
increas(‘ in insect l)lood-cell glycogen. 

PROBAHLE RELATION OF BLOOD-CELI. GLYCOGEN TO BLOOD SUGAR TN INSECTS 

llalxTs (.7) found that the ingestion by the sixth-instar southern 
armyworm of turnip leaf smeared with glucose-cornstarch jiaste was 
followed (piickly by a smhhui and relatively large rise in blood sugar, 
which reached a maximum, then quickly fell, and returned to the 
iKU’inal value in apiiroximately C hours. He also found tluit tissue 
(exclusive of blood iind gut) glycogen also quickly began to rise, but 
rose more slowly, reached a maximum considerably later, and tlien 
descended to, not the initial, but a somewhat higher tissue-glycogen 
level. He further found that a rise in blood glycogen occurred still 
later, appearing only after a relatively long )>eri<)d of glucose 
ingestion, and that practically all the blood giv(‘ogen was assoc iated 
with the centrifuged blood cells. 

The histochemical obsei;vations of blood-i*ell glycogen rei)orled in 
this j)apei- are in agreement with the findings of Babers. It i‘^ 
(piite ])robable that Babers’ average glycogen value foi* normal blood 
of 3.21) mg. iH'r 100 ml. coiresponds to the glvc'ogen index of appi‘ox- 
imately 31 percent rej^orteil here for sixth instars fed collard and 
turnip leaves: but, whereas Babers obtained a blood-glycogen in- 
crease of sixfold to tenfold after overnight feeding of a glucose- 
starch-turnip leaf diet, the highest glycogeu index obtaimal in ihe 
])resent ex]>eriment was about SC j)ercent. ]‘ej)resenting only about a 
threefold increase, undei' fairly similar conditions. Althoufrh thi*- 
difference might be due to differences in food intake, it might be 
explained by the fact that the glycogen count and tlie glycogen 
index aie based, not on the amount of glycogen per cell, but on the 
nuinlKU* of glycogen inclusions ])er blood cell, and that microscopic 
observations show that after ingestion of the carbohydrate diet 
many of the blood cells contain r(‘latively lanre glycogen inclusions. 
The glycogen counts ami indices reported here also show that, as 
the glycogen index increases, more cells enter classes 3 and 3 H of 
the glycogen count. Thus, it seems that an increase of blood-cell 
glycogen involves an increase in the number of cells containing 
glycogen, in the amount of glycogen contained within at least some 
of the glycogen inclusions, and in the number of glycogen inclusions 
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])er cell. It is also ])()ssiblc that glycogen not (lcl(M*tal)lc histochcm- 
ically may 0 (M*ur and increase witli the carholiydratc* intake. 

Haber’s sii<»^esl ion that the delayed rise of blood ^lyco^en mi;i!;ht 
be associated with a tendency to rise only after tlu‘* other tissues 
had b(*conu‘ saturated with olycoo-eji r<‘ceives support from the ])]*esent 
observations on ^j:lyco^u*n in the tissue^ of a sixtii instai- that had fed 
overnight on a turnip leaf'(*ornstarch'^lncose sandwich. The ^lyco- 
^en index of this larva was about pennit, and its tissU(‘ cells, 
particularly those of its labial oland, Malpighian tubes, striated 
muscl(‘s, pericardial cells, oenocyt(‘s, and fat l)ody, had the asp(*ct 
of bein^ heavily loaded with iiolysaccliaride, as indicated by the 
Hauer techniciue. The observations on the newly hat(‘hed larvat‘, 
which showed that biood-<*eU ^lycoe^en lirst appears latei- than ^ut- 
cell ^>*lyco^en, also ar<‘ cousistiuit with the sue;^eslion mentioned above. 
Thus, a marked or persisbuit exogenous hypm-^lycemia siuuns to pro- 
duce an increase in both cluunically and histochemicailly detectable 
blood-c(‘ll ^lyco^en, and, on the assumption that starvation results in 
a ]ow(‘rin<j^ of blood siie'ar, th(‘ results of the starvation experiments 
impiv the i*xisteiu‘e of an analogous relationship between a marked 
oi* p(‘i*sistent starvation hy))o;^lycemia and a decrease of blood-cell 
^lyi*ot>en. There is some evidimci*, as reportial, foi* example, by Staub 
and (lolaiidas that administration of <rhicose to the mammal 

causes blood-cell ^lyco^en, but not plasma <>:lyco^(‘n, to increase. 
That a lowei’in^ of insect blood siitjar mi^j^ht i*esult from starvation 
is mdi<‘ated in the lit(‘rature; see, for (‘xamphx Stnrtevant {IHJ). 
Heutler (//), and May ( 7 .^). Demjanowski and Prokofjewa (Jh‘) 
r(‘port(Ml that tlu‘ total redu(‘in^ power of sdkworm blood was not 
dep(‘ndent on the ({uantity and (juality of the food ^iven the inseids. 
Hemmin^sen {J 4 S) re])ort(‘d a decrease in total redr.ein;; power of tin* 
l)lood of several sp(H*i(*s of inseds as a result of starvation, but he 
consideivd the decrease not to involve blood su^ar. That <]^lucose 
accounts for only a small part of the total reducing ]3o\\eT' of inse(‘t 
blood is indicattal by Tlemmin^sen (^V). Kuwana Florkin ('T}), 

and Habcu’s (J), as well as others. 

IVfost of the lit<‘ratui*(‘ having to <lo with the relation betw(M*n sn^rar 
and olyco^ren in insects i> <*oncern(*d with the concentrations of 
these carbohvdrati's, not in the blood, but in the whole insect, and 
will be found summarized by Babers (-/). The observations and 
results Imported in that literature and those re])o]*ted here indicate 
that und(‘i' c(‘rtain conditions, chiefly in the ])U])a. the ^lyco^en (‘on- 
tent of the ins(‘ct, including’ blood-cell jrlycoii'cn, can decrease in the 
pres(Mice of an (‘lev'ated blood su^ar. Tliis is not (*ontra<lictory to the 
stat(‘ment made above that an exojrenous hyperglycemia tends to in- 
crease the ^lyco^en content of the blood cells, for the elevated blood 
su^ai* of metamorphosis iiiay be considered to be endo'^enous and to 
involve other metabolic conditions. 

It thus appears that the insect, like the vertebrate, possesses a 
physiological mechanism wherehv "luconeo^enesis occurs in the blood 
cells durin^j alimentary hy])er^lyc(*mia, and that in insects ;rlyco- 
jnmolysis occurs durinir presumptive starvation hypofrlycemia and 
diirin^j: the endof^enous hyperglycemia of metamorpliosis. 
n444o--ii 
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OTHER FACTORS THAT MIGHT APTECT THE OCCURRENCE OF BLOOD-CELL GLYCOGEN 

Food Factous 

In this investi^ration it was found that wlien larvae wore reared 
or fed for a suffieicntJy lon^ time on wliile cabbage, blood -cell glyco- 
gen was not readily dc'inonstrable, many of the larvae apparently 
having none. MacDonald and Wislicki {(W) prepared two cabbage 
extracts that they found affected the blood sugar and liver glycogen 
when fed to mammals. Their hyperglycemic fraction caused a 
marked increase in blood sugar in the rabbit, accompanied by gly- 
cosuria and a decrease in the glycogen content of the liver. Their 
hypoglycemic fraction ^S’egulin” lowered the blood sugar and ap- 
peared successfully to replace insulin in the depancreatized dog. It, 
is not impossible that such food factors may affect feeding insects, 
and that such a hyperglycemic food factor in the cabbage may have 
been partly or wholly responsible for the relatively slight blood-cell 
glycogen observed in the cabbage-fed larvae of the experiments re- 
ported heie. Braun and Rees in a review of literature per- 

tinent to this subject, indicate that the question of the occurrence 
of insulinlike substancTS in plant extracts is in a very unsettled state. 

II YDIWKIEN-ION t CONCENTRATION 

Babers (3) found the pH values of the blood of sixth-instar south- 
ern army worms to range from 6.40 to 6.67, with an average of 6.53. 
Dcunjanowski, Galzowa, and Roshdestwenska (26) found the hydro- 
gen-ion concentration of the blood of silkworm larvae to decrease 
at the molts, and to bo slightly but persistently higher in the female 
than in the male. Vaney and Maignon {10/^^ 105) reported that the 
glycogen content of Bovihyx mon L. was greater in the female than 
in the male. Babers (/>') iound the glycogen content of the southern 
armyworm adult to be persistently higher in the female than in the 
male. Bernard (0) reported that the larva of a fly showed much 
glycogen, no sugar, and an alkaline reaction of the tissues, the pupa 
showed sugar and an acid reaction of the tissues, and the adult con- 
tinued to show both sugar and glycogen. Bernard also reported that 
the liver glycogen of Crustacea increases at the molt and decreases 
or disappears between molts. Elias ard Weiss (30) reported that 
glycogen in frog eggs decrejised when the pH value of the suspension 
medium dropped. Donnelly {^8) discussed generally the question 
of hydrogen-ion concentration and glucose metabolism and concluded 
that glycogenolysis varies directly with the total acidity of a single 
tissue or of a whole organism. Other investigators have reported 
observations that have a bearing on the subject. The hydrogen-ion 
concentration of the blood, therefore, may be an influential factor in 
the occurrence of blood-cell glycogen. 

Motabolic Conditionr 

A number of poorly understood or unrecognized factors that in- 
fluence the presence of blood-cell glycogen may exist in tlie insect 
either continuously or under certain conditions of metabolism. 
Maignon (70) and Vaney and Maignon { 104 ) produced asphyxia in 
Bomhyx mori by immersing the insect or its tissues in boiled oil and 
irregularly obtained increases of body sugar. Lesser (6*^) stated that 
glycogen of the frog is strongly hydrolyzed as a result of anoxybiosis. 
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Harniscli {J/i) obtaiiu^l an anaerobic deci-ease of glycogen in c( 3 rlain 
(issues of ( 'hiro?io/iH(.s larvae. Kudolfs (.%") stated, l)Ul gave no suj)- 
porting data or litei*a(nre reference, tliat anestliesia of a living cell 
inhibits the synthesis of glycogen. That the local inelabolic j)rocesses 
in a cell or tissue may influence the amount and the character of 
the glycogen reserve is indicated by the observation of Bogojavlensky 
{Jf}) that tile external lobes of the fat body of the silkworm contained 
more histochemically detected (Best method) glycogen than did the 
internal lobes, and that the gly<-ogen of the fat body was less soluble 
in water than was the* glycogen of other tissues. The same thing is 
indicated by the fact that tlie vertebrate neutiophiles, but. usually 
not the mononuclears, contain considerable glycogen ( 
and by the obsei'vat ions herein reported that in the normal southern 
armyworm the plasmatocytes an<l Ihe cystocytes tended to exhibit 
glycogen inclusions imu'e readily than did the other blood-cell types. 
It is generally recognized that muscular ex(‘rcise causes a decrease of 
mammalian liver glycogiui (SJ, p, and (Jiradin ( ilJ) found that 
in man the niimlxu- of cirtadating granular leucocytes that contain 
iodophiru* substance increases at meal times and decreases during ex- 
ercise after meals, lending to parallel the chang(‘s in blood-sugar con- 
centration. As shown in the literature, some of which has already 
been cited, leucocytic*, glycogen o(*curs plentifully in pus cells and ap- 
pears to vary with difl'erent discaisi's. 

In th(3 vertebrate* fat metabolism and carbohydrate metabolism 
are closely related (A'J, pj>. Ih Id. efr.). The litcuatuie leviewed by 
Babers (i) indicates the existemee of some kind of an association be- 
tween fat and carbohydrate metabolism in the insect. Fat inclusions 
in insect blood cells have beem observed by a number of authors (Hol- 
lande Ilufnagel d,;, and Ilooseboom and possibly they occur 
in southern armyworm leucocytes, although in the present work no 
fat detection Avas attemiited. It is therefoj*e jiossible that in the 
insec't blood-(*ell glycogen and blood-cell fat may be related. Karsner 
(.^7, pp. 67 67) states that glycogen is likely to ai)pear in many places 
wheie fat occurs, and ex])n‘sses the opinion that similar factors may 
infliuMice both fat and glycogen. Insofar as they indicate* an 
exogenous origin of blood-cell glycogen, the observations reported 
here seem to be in accordance with the view of Vaney and Maignon 
U 04 ), who, disagreeing with Bataillon (6'), considered that glycogen 
in the leucocytes and other cells of the metamorphosing silkworm is 
not of histolytic origin. 

Cold tends to decrease liver glycogen in the mammal (cS7, p, 24 )^ 
but it appears that the low temperature reflexly initiates muscular 
contra(*t ions (shivei'ing) and that the glycogen decrc^ase is thus re- 
lated to exercise. If the armyworm possesses no mechanism analogous 
to the shivering reflex of the mammal, Avhereby muscular conti a(‘tions 
are produced by cold, low temperature could be exjiected to tend to 
maintain its glycogen stores or to decrease their rate of disappeaiance, 
except insofar as it Avould tend to decrease the ingestion of food. 
Ditman and Weiland {27) have shown that a decrease of temperature 
retards the disappearance of glycogen in the pupa of the corn ear- 
worm. The honeybee, lioweA^er, seems to possess a reflex mechanism 
whereby muscular (‘ontraction increases with decrease in liive tem- 
perature (7^, 80^ 84). Thus, in such an insect it is cpiite jiossible that 
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cold would lend to cause a reflex lowering of any glycogen reserves^ 
including blood-cell glycogen. 

l^ejiiard (»?) early observed that in (he higher animals glycogen 
is widely disti’ibuted in the tissues of the developing organism but 
becomes relatively localized in certain tissues of the adult, whereas 
in the invertebrates, which he considered to lack true livers, glycogen 
appears to be more widely distributed among the various tissues. 
Karsner (^^^7, />/>. OJ-AJS)^ however, referring primarily to man, ex- 
pressed the opinion that practically any cell in the body may contain 
glycogen although it may not be microscopically demonstrable. It 
thus seems that most of the tissues of animals can contain glycogen 
but differ chiefly with regard to the amount contained. Froju this 
standpoint it might be exj)ected that glycogen woidd occur in at least 
some blood cells of various organisms, whether developing or matni J\ 

XeCRAL AM) llOUMOXAL KacTOKS 

In the vertebrate storage and mobilization of liver glycogen ai*e 
greatly influenced by neural and hornional factors. It has been (han- 
onst rated (A':?, p. p, 67J; and JO^ />. fHS) tluP ]>uncture of 

the floor of the fourth ventri(*le of the vertebrate brain causes a <1(»- 
creasi'> of liver glycogen, and that both the nei vous and tlie hoiinonal 
systems are oj)erative in the process. The auton()mi(‘ nervous system 
is considered to be primarily involved (90, p. 67 '>). It is also gen- 
erally recognized (<V7, pp. lOO-J/pJ; p. />. 6'.SY>/ 7/, //. 

JO, pp, 9:2 !f and 9Jd) that, at least under certain (‘ondit ions, insulin 
tends to increase and adrenalin to decrease the glycogen i*eserves of 
the liv^r. Arthroj)ods, includhig insects, haA’e long been known to 
possess a sympathetic or stomatogastric nervous system (JfO, pp, JfJfS 
and Like the A^ertebrate autonomic nervous system, it seems 

to l)e es})ecially associated in a functional manner Avith such autonomic 
processes as cardiac and perhaps respiratory rhythuis, and may pos- 
sibly be related, either directly or indirectly, to such metabolic ])roc- 
esses as hormone secretion and storage and mobilization of energy 
res<nwes in the tissues. That the insect nervous systeni is related to 
hormone secretion is indicated by a numlxM- of investigations ( 90 , 00 ,, 
109, no. 111, p, JiO, and papers cited in 90), 

Medvedeva ( 79 ), determining total reducing ])(>Aver, reiiorted that 
liypeArglycemia Avas j)roduced in the silkworm by injection of adrena- 
lin and to a less extent by injection of Avater. She attributed the 
Avater hypergly(*emia to a mechanical stimulation of the vegetatiA^e 
nerv^ous system by the needle puncture. She ff)und that, although 
the adrenalinic hyperglycemia could lie produced in the fifth instar, 
it could not be ])roduced in the spinning lai’va, the chrysalis (at about 
the middle of the pupal ])eriod), or the adult. She attributed these 
differences to changes in the neiwous system of the s])inning larva 
and the pui)a, to some unknown factor that assures glycogen storage 
in the spinning larva, a'nd to a lack of glycogen reseiwe in the adult. 
MedA^^kleva obtained no insulin hypoglycemia by injecting insulin 
into the silkworm larva and adult, but did obtain a hyperglycemia 
in the larva, which he ascribed to mechanical stimulation of the nerv- 
ous system. Ermakov { 91 ) obtained an increase and a decrease of 
reducing power in silkworm blood by ligaturing the body of the larva 
in different regions and removing that ])ortion not used for deter- 
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iniiiJitioii of reducing j)owor of the blood. He considered (lie liyper- 
^lyeeinia to be due to disturbaiiee of the larva's synipatlietic nervous 
system but luul no explanation for (he hy])()^lyeeniia. Tbunmin^sen 
injected insulin into larvae but obtained such variable results 
that no c()n(‘lusion could be reached re^ardin^ the effect of this 
hormone on the insecd's blood su^^ar. 

dims, obs(‘i-vat ions and results rejiorted in the litei'ature suggest- 
(hat in the insis-t hormom^s occur in i*elation to th(‘ nervous system, 
and that the insect’s ])hysiological mechanism, whereby it stores, 
mobilizes, and controls its glycogen reserve-,, probably involves both 
neural and hoi nional components. It is obvious, how(‘ver, that neural 
com])on(*nts are not directly involv(*d in a control of blot, d-cell gly- 
cog(‘n, even though they should direct Iv affect otlier glycogen- 
containing tissU(‘ cells. Although insufficient data are available to 
show whether tin* blood-cell glycogen is under hormonal control, 
the oc(*urrenc(' in ins(*cts of hormonal control of or infliienct* on blood- 
cell glycogen is a possibility. 

SKiNIKJOANCE OF IlLOOD-CELL GLYCOGEN IN THE DIFFERENT INSTARS 

d1ie r(\sults r(‘port(‘d aboAc and ilhistiated in figur(‘ I] show (hat- 
blood-cell glyc(»gen increases during developmtud to a maximum in 
tlu‘ juvpupa and then v(‘rv rapidly falls to a low value in the I'arly 
part of mdamorphosis. ddiese variations are in ac(‘ordance with the 
i*(‘sults of Habers (J) and otlau* investigators. U'lius, whatever the 
caus(‘s of glycogen storage, the stored gl\ cogen is utilized during 
metamorphosis. Siiua* the blood-cell gly(‘()gen incitatsc^s with increase 
of cai*bohy<lrate iutak(‘ and decreases during starvation, indi(‘ating 
that conv(‘rsion from and to glucose o(*curs, it s(‘(‘ms moie ])robal)le 
that the blood-cdl glycogen is stored carbohvdrat(‘ resei ve than that 
it repres(Uits the tran^poit of carbohydrate from the intestine during 
alimentation. Thus, one function of the blood cells appears to be to 
serve, like other tissU(‘ cells, foi* the storage of glycogen to be used 
dui'ing metamorphosis. Wliethei* tin* glycogen is ut ilized by the blood 
cells themselves, as th(‘V ])lav their roles during d(‘velopmeut, or 
whethiu* their glycogim is made available as energy for other tissue 
cells is not t‘vident from available <lata. 

KINDS OF BLOOD CELLS CONTAINING GLYCOGEN 

d'he results repoi'ted here show that when sufficient glucose was 
ingested hy larvae most (d’ tin* blood cells contaiianl glycogen inclu- 
sions. Ther(‘ seem(*d to be one cell type, howevei*, in which gly<*ogen 
inclusions were not observed which, in tin* jireparat ions stained by 
the Jhiuer technique and couuteiMaiued with thionin, aiipeared as an 
irregularly outlined cell with a relatively small nucleus that seiuned 
to consist of a number of chromatin granules ^pl. 2, A, /, and B, /). 
These cells are here called "q*hagmatocvtes" in accordance with a 
tentativi* cell classification. The oenocytoids also were not observed 
to contain glycogen. 

The ])lasmatocytes usually showed a greater tendency to contain 
glycogen than did the cystocytes, although in a few^ piepai-ations the 
cystocytes were observed to contain glycogen when little or none was 
detected in the plasmatocytes. Of the seviual authors who have 
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reported the occurrence of blood-cell glycogen, Bogojavlensky (7-^) 
appears to l)e the only one Avho has attempted to identify the types 
of blood cells that contained the gl 3 "Cogen. In the walking stick 
Car<iu.sht 4 ^ and by implication in several other Orlhoptera, 

Bogojavlensky found gljrcogen inclusions in spindle-shaped cells that 
were capable of becoming rounded, and that composed about 70 percent 
of the blood-cell population, but he did not state whether glycogen was 
found in the spindle-shaped cells, capable of becoming rounded, which 
comprised his second class of blood cells in Bomhyx irior) and by 
implication in several other Lepidoptera, and which would seem to 
correspond to the cells of Prodcnm eridmvm here called plasinatocytes. 
Similarly, Bogojavlensky found glycogen in the proleucocytes of 

worosv^^^ but not in those of B. He also found a small amount 

of glycogen in his round cells with small nuclei, or micronucleocytes. 
He also reported that the grannies of the grannlai* leucocytes of 
C, moromif^ gave an iodojdiilic reaction with Liigols solution and con- 
tained a carbohydrate (gl^Tojiroteid) component. Considering the 
fact that blood-cell gtycogen is markedly influenced by (‘arbohydrate 
absorption, the observations of Bogojavlensky and those* reported here 
are iK)t necessarily inconsistent, especially since there is not complete 
agreement with respect to insect blood-cell types and since 1\ endania 
was used here and B. wort and other species were used by Bogojavlen- 
sky. The present observations and thos<* of Bogojavlensky, that cer- 
tain blood-cell types tend to contain more glycogen than othei* types, 
are in accordance with the observations (4, ) that the granular 
leucoevdes but not the mononuclears of vertebrates contain glycogen. 

FORMS OF Gl.YCOGEN INCLUSIONS IN BLOOD CELLS 

It has been shown that glycogen inclusions may have different 
forms in diffei*ent kinds of blood cells. Thus, the cyst-ocytes charac- 
teristically contain relativelj^ small granular inclusions. Certain other 
cells may seem to be more or less diffusely inijiregnated with glycogen 
and also to contain relatively large round or nearly round inclusions. 
In accordance with a tentative blood-cell classification, these cells are 
here called spheroidocytes. The plasmatocyt(*s characttuistically con- 
tain smooth-contoureef, round, ovoid, or somewhat irregular glycogen 
inclusions, which may differ greatly in size, even within a single cell. 
Bogojavlensky {V 4 ) described similar glycogen inclusions in the 
spindle-shajied blood cells of Oaraifsim 7no'ro.sio^^ and the glycogen in- 
clusions figured by Vaney and Maignon ( 101 ^) seem to be of analogous 
forms. Ine glycog(*n inclusions in the vertebrate granulocytes and 
pus cells described by some of the authors already cited seem to be 
small and of fairly unifonn size. 

The observations that some of the glycogen inclusions may be faintly 
stained or stained deeplj^ at their peripheries but only faintly or not 
at all in their centers can be variously interpreted. They suggest that 
glycogen might occur either uniformly throughout the inclusion or be 
locally concentrated at the jieriphery. In no inclusion did glycogen 
appear much more concentratecl at the center than at the periphery. 
The plasmalocytes freouently contained colorless vacuoles of the same 
general asix'ct as the glycogen inclusions and, like the glycogen inclu- 
sions, were often located at the poles of the fusiform cells. Bogo- 
javlensky (74) found polar vacuoles in spindle-shaped cells of Carem- 
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sim 7iioroHU.s wlieii they were observed in vivo, and from eomx^arison 
of tlieiii witli Best aiid Lu^ol stained preparations lie concluded that 
they contained ^ly(*ogen. It would thus appear either that chromic 
acid fixation followtHl by the Bauer staining procedure incompletely 
fixes and stains some of the ^lycoj^en in the blood-cell inclusions, or 
that blood-cell ^lyco^en ini^ht be stored in preexistent cytoplasmic 
vacuoles or might be mobilizetl from and leave behind glycogeii-rree 
cytoplasmic vacuoles. The fact that, even within a single plasmato- 
cyte (from a glucose-fed larva), deeply stained glycogen imdusions 
may vary from tiny granules to approximately nuclear size indi- 
(*ates that glycog(*n may also ap])ea)* in the cytoplasm without being 
associated with large preexisbmt, vacuoles. SoTiudimes the large 
colorless vacuoles and glycogen iiudusions were found to occur tit the 
same time in a single blood cell. 

THE (Jl.Y(’OGEN COUNT AND THE GLYCOGEN INDEX 

With few excej)tions the individual glycogen counts were of the 
same general foi iii as the average counts shown in figure 1, B and C, 
The exceptional individual counts were similar in form to that repre- 
sented by circles in figure 1, lA in that the number of cells in class 8 
exceeded the number in class Examination of the smears cor- 

res[)onding to th(‘ exceptional counts showed that few or none of the 
cystocytes contained glycogen inclusions. Figure 1, also shows that 
class 34- may ex(*eed class 3 in number of cells lecause the cystocytes 
tend to enter class 3 I more readily than classes 1, 2, and 3. Figure 
I, />, shows that as the glycogen index increas^^s tlie number of cells 
in classes 1, 2, 3, and 34- increases, but that the cells of class 1 increase 
relatively more than those of class 2, which increase^ relatively more 
than those of class 3. 

It ap|)ears, therefore, that as the glycogen index increases two shift- 
ing ])rocesses occur in the glycogen count. First, cells may pass rela- 
t ively slowly fi*om class 0 through classes 1, 2, and 3 to class 3 T. Such 
a process would tend to cause a shift of tlie maximum from class 0 to 
class 1, when the glycogen index iK'comes sufficiently high. T^ns is 
shown by figure 1, />, to have actually occurred. Theoretically, the 
maximum should shift further from class 1 through classes 2 and 3 
to (‘lass 3+, provided no limiting factors hinder the processes of gly- 
cogen accumulation in the blood cells as the glycogen index becomes 
still higher. It is probable, however, tint limiting factors do exist 
in the insect and would prevent the maximum from shifting all the 
way to class 3 f . Secondly, cells may pass very rajiidly from (*lass 0 
through classes 1, 2, and 3 to 3 h, or they may move from class 0 to 
34- without going through the other classes at- all. Either process 
would cause a gi eater number of such cells to remain in class 34- than 
in classes 1, 2, and 3. F'iguro 1, A-K^ shows that actually class 34- 
teiids to be greater than class 3 in nuinlxn*s of cells, and figure 1, in- 
dicates that, with regard to cystocytes, class 34- exceeds classes 1 and 
2 as well as class 3. 

The microscopic observations also are ii\ accordance with this in- 
ter] )retation of these figur(‘s. The cystocytes tend to contain glycogen 
inclusions in the form of a relatively large number of small granules, 
whereas the plasmatocytes tend to contain fewer glycogen inclusions 
of relatively large size (pi. 2, f// 5, C and D), 
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These results indicate that, in the ^lycof^en count, as the index in- 
creases tlie plasuiatocytes sliift according to tlie first (slow) and the 
cystocytes according to the second (rapid) ])rocess. 

SPATE OF THE BLOOD-CELL GLYCOGEN 

Tli(‘ blood-cell glycogen reported here includes only that which is 
histocheinically detectable, whereas that rej)orted by Babeis (.>') in- 
cludes that which is determined by chemical analysis. It shouhl not 
he assumed that the histocheinically and chemically determined 
forms of glycogen are identical ( {, 70), Bakker (4) found that 
chemically and histocheinically detectable glycogen of exudate leu- 
cocytes may differ. Willstiitter and Rohdewald (//■>) indicated 
that the glycogen of horse leucocytes exists mostly as a soluble 
Ivoglycogen and to some extent as a less soluble, ju’otein-bound 
desmoglycogen which, unlike the lyoglycogen, does not show the 
iodine staining reaction. They also indicated that, when the 

leucocytes leave the circulating blood and migrate through the tis- 
sues, some conversion of desmoglycogen into lyoglycogen occui's. 
Bierry, Gouzon, and Magnan (IJ) rejiorted that hepatic glycogen 
o(*curs as free (soluble) and protein-bound (insoluble) glycogen. 
Other evidence (SO, S?, SS) also indicates the ])()ssihility of glycogen- 
protein comhinations occurring in cells. Wajzer (107) found that, 
in the frog and the guinea pig, a large proportion of tlu‘ liver gly- 
cogen normally occurs in combination with protein (pioteid 
glycogen). Bogojavlensky (/o) found that fat -body glycogen of 
the silkworm is much less soluble than the glycogen in other tissues. 
It is therefore quite possible that insect blood cells may contain 
lyo- and desmo- forms of glycojgen, but distinction between (hem will 
de])end upon future investigation. 

GLYCOGEN IN^ ALIMENTARY EPITHELIAL CELLS 

The results reported here indicate that, in the normal course of 
development of ProJcnia endatna, glycogen is ahscmt from the mid- 
gut epithelial ^‘clls and the blood cells at the time of hatc^hing, that 
it aj)pears earliei* in the gut cells than in the blood cells, that it occurs 
in gut cells in each instar, and that individual variations are large. 
This is in accordance with the results of Babers (•>), who found no 
glycogen in the hu-va at the time of hatching. It (‘aunot be con- 
cluded fi'om these cbservations that the glycogen of the miilgut 
ei)ilhelial ceils is synthesized from ingested glucose as a part of the 
absor])tion process, for it is possible that these cells, like those of the 
blood and the other tissues, are able to store up carbohydrate reserves 
from glucose in the blood. The question of the occurrence of gly- 
cogen synthesis in the intestinal epithelia of vertebrates as a part of 
the mechanism of glucose absor])tion is as yet unsettled; in fact, it 
seems that it does not 'occur {100^ OS), N(‘vertheless, glyi*ogen 
has been reported in the alimentary epithelium of the mammal by 
Rouget (.9.^), Creighton (i^.‘3), Von Fiirth (^7), and Horne and Magee 
(J//); of the frog by Barfurth {0); of the fly larva (epithelium?) 
by Bernard {8 ) ; of the silkworm by Bogojavlensky {15) and Paillot 
(78, 70 ) ; of L}m<fx hy Barfurth (J) ; of Daphvla by Von Dehn (21^) 
and Beutler (Gallistel SO ) ; and of Ghironomm larva by Harnisch 
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(Jid), Von Delin (:.V/) fomul glycooen variable in Daphnla 

and, in ^eiiei-al, delected it liistocbeinically in animals that had been 
f(‘d starch but not in starved animals. Gallistel [dd) reported gly- 
(‘og(‘n in the midgnt cells of DaphnUt only Avhen tliere was an abun- 
dance of fat and glycogeji in the fat -body cells, liogojavlensky 
making use of starvatioii and siibsequcmt fettling ])rocednres, re- 
porl(‘d tliat, after prolonged starvation oi* silkwoians, glycogen 
remainc'd only in the ^\ all of the anterior ])art of the hindgut, the 
other tissues cintaining none, and that, with subsequent feeding, 
glycogen occurred first in the fat-body cells and later in the niidgut 
epitludium. Vaney and Maignon failed to lind glycogen in 

the digestive e])it helium of the silkworm, and T)(* Boissezon (Id) did 
not detect it in the epithelia of the midgut and hindgut of Culcx 
p! pie n,s. 

From the inibrmation thus available it would s(‘em that glycogen 
oc(*urs generally, bid variably, in the gut ejiitlielia of animals, that 
th(^ gut-<‘ell glycogen vari(‘s with the intake^ of carbohydrate, and 
that it jirobably represents a men* storage of carbohydrate reserve 
ratlu*!* than a glycogen synthi'sis that acts as a \n\vt of tlie glucose- 
absorpt ion mechanism. 


GIYCOGEN IN OTHER TISSUES 

'fhe histo(*hemical d(‘t(‘ction of gl\cog<*n in other tissues of insects 
has been reportcal as billows: 


Tishih and nis< rt 

Fat body: 

Fly l3U*\a 
Silkw<»nn- 


'I'eiit I'ji ten )i liar 
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In the present investigation no polysaccharide was observed in 
the traclieal walls of Prodenm erklania. The ventral ganglia con- 
tained polysaccharide, and Bogojavlensky {Rl) made similar ob- 
servations in the silkworm. The polysaccharide observed in the 
armyworm ganglia might or might not be located in the nervous 
tissue itself. Havet (^7) re])orted that glycogen in the nerve centers 
of several animals, including Llrnax^ is (‘contained only in the neu- 
roglial cells. Schabadasch {97) reported gly<^ogen as occurring in 
both glial and neural cells in the mammal. Vaney and Maignon 
Bogojavlensky and Paillot {79) all found that striated 

muscles in the silkworm appeared to contain either no glycogen or 
a small amount spread diffusely throughout the substance of the 
liber; but none of tlu^se authors fed large quantities of glucose to 
the inse(*ts. When Prodenla erhlanla larvae were fed large amounts 
of glucose, their striated muscles were found to l)e heavily loaded 
with ])olysaccharide, which appeared to be diffus(‘ throughout the 
fiber but relatively concentrated at the cross striations; the alary 
muscle fibers, however, Avere relatively poor in j)olysaccharide. That 
histochernically detectable polysaccharide is definitely related to the 
cross striations of muscle m vertebrates is indicated in papers by 
Arnold (i), Creighton {ii2)^ Von Studnitz (iW), Noll and Becker 
(77), and Feyel (9^3). Glycogen was also observed to occur in the 
labial glands of Prodenla erirtanla^ but Vaney and Maignon {lOJi) 
and Paillot (7.9) failed to detect it in these glands of the silkworm. 

Since ingested glucose influences the polysaccharide content of tis- 
sues, disagreements of reported observations may be due in part to 
possible differences in food intake by the insects observed. These 
observations on ProdenJa eridanla indicate that many of the larva's 
tissues have the capacity to store up much more polysaccharide than 
they seem ordinarily called upon to store. 

Although glycogen has^ been reported in the nuclei of some animal 
cells (77, 02)^ polysaccharide has not been observed in the nuclei of 
any of the blood or other tissue cells of Prodenla evldanUu insofar 
as the nuclear structures in these tissue smears could be distinguished. 

SITE OF GI.YCOGEN SYNTHESIS 

BogojaAdensky {16) reimrted that the fat body of the silkworm 
is the site of the first glycogen synthesis during poststarvation food 
intake. Babers {S) showed that, whereas the tissues of the normal 
sixth-instar Prodenm endanm^ exclusiA^e of the blood and alimentary 
tract, contained on an average about 4 percent of glycogen, drv 
Aveight., tJie isolated fat-body tissue contained about 23 percent. Al- 
though it is possible that glycogen synthesis may occur solely or 
chiefly in the fat body, Avhence it could be transported to other 
tissues, this does not seen jirobable, for Babei*s (9) found practically 
all the blood glycogep of this insect localized in the blood cells 
and almost none in the plasma. It is more likely, therefore, that 
the blood cells themselves possess a mechanism for gluconeogenesis 
and glycogenolysis. 

INFLUENC»E OF DIFFERENT HISTOCHEMICAL PROCEDURES 

Some difference of opinion has been expressed with regard to the 
adequacy of different fixatives used in the histochemical detection of 
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glycogen (67, j)p. ). Various procedures are reconiniended 

for use with insects. Braiumeriz {17) used Carnoy’s fluid and Best’s 
carniine stain (controlled by the iodine and salivary tests) to demon- 
strate glycog^Mi in tlie embryos of Ajyis imlUfera L. {A. niellifica),^ 
Bonihyx mon^ and Meloe proHcar^abaen.s L. (J/. ea rohueius) , Bogojav- 
lensky {lo) fixed silkwoini tissues in Carnoy's fluid and in saturated 
solution of (*orrosi\ e sublimate, saturated with dextrose, and reported 
Carnoy’s fluid satisfadory for glycogen fixation. De Boissezon {16) 
used absolute alcohol and Best’s carmine to fix glycogen in Culex 
pipichrs L. Gendre (liO) m<)difu‘d liouin’s fixative by replacing the 
water Avitli Do-percent ah'ohol saturated with picric acid, and re- 
ported the modified fluid satisfactory for glycogen fixation in silk- 
worm tissues. Paillot rejiorted Gendre 's fixative as satisfactory for 
glycogen fixation in the fat body {7S) and in the hypodermal cells 
{79) of the silkworm. 

For glycogen detection in tissues of animals other than insects, 
Carnoy’s fluid, absolute alcohol, and the fixatives of Pasteels and 
Leonard and of Gendre are recommended. Von Sludnitz {101) used 
absolute alcohol and Liigol’s solution to demonstrate glycogen in 
the frog’s sartorius muscle. Noll and Becker {77) used absolute 
alcohol and Best’s carmine to demonstrate glycogen in muscles of 
the ral)bit and the hen. Gallistel {39)^ studying glycogen in 
Daphn/ia magna Straus, fixed glycogen chiefly with Carnoy’s fluid 
but. also with absolute alcohol and stained l)y Best’s (*armine method 
or the iodine nu'thod of Langhans. Havet (^'/), in a study of 
gIy(‘,ogen in the nervous systems of the rat, the cat, and fixed 

with absolute alcohol or l)2-percent alcohol containing iodine, and 
stained by Best’s method or by the iodine method of Prenant; he 
considered formol and Bouin’s fixative unsatisfactory. Gendre {l^O)^ 
using his own fixative, reported satisfactory glycogen fixation in 
the dog, adult monkey, fetus of monkey, adult rat, newborn rat, 
and silkworms; he stained by methods of Taigol, Best, and Bauer. 
Couteleii and C’ochet {30)^ in a study of glycogen in the larvae of 
cestodes, found absolute alcohol better than water fixatives, wiih or 
without picric acid, better than foianol saturated with glucose or 
corrosive sublimate saturated with glucose, and better than the 
fixatives of Bouin, Zenker, Carnoy, Flemming, and Altman; Coutelen 
and C(K*het used their own iodine staining technique. Feyel {32)^ 
in a study of glycogen in striated muscle fibers and liver of the frog, 
eiiiploycd fixation in absolute alcohol with paraflin embedding, and 
also Bouin-Allen, Gendre, and Pasteels-Leonard’s tixatnes, each with 
dioxane-paraftin or celh)idin embedding; she stained by^ the gum- 
iodine method, the iodine method of Langhans, Best’s carmine 
method, and Bauer’s method, and employed the salivary counter- 
proof method. Feyel concluded that the best results were obtained 
by fixing the muscles tor 20 to 24 hours in Bouin-Allen fixative and 
embedding in celloidin. Pasteels and Leonard {81) studied the 
demonstration of glycogen in embryonic tissue and in adult liver by 
fixing the tissues in absolute alcohol for 24 hours, in alcoholic formol 


^ Soh»ntlfic names of insects in i)arenthosos immediately following other s<*ientific names 
are those appearing In the reference <*ito(l Other scientific names are those currently in 
use according to the Division of Insect Identi heat ion of the Hiireau of Entomology and 
Plant Quarantine, U. S. Department of Agriculture. 
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for 24 houi-s, in forniol saturnted with dexti'ose for 24 hours, in 
Carnoy’s fluid for 4 houi-s, in Zenker's fluid for 24 liours, in the 
i:fouin-Allen fixative for i) liours, and in their own fixative; they 
stain(‘d by tlie nietliods of Luf^ol, Best, and Bauer, and em])loye(i 
the salivary coiinterj^roof. They concluded that the most satisfac- 
tory fixative for ^lyco^en w^as an aqueous fixative saturated with 
])icric acid, that the Bonin-Allen fixative was satisfactory for hepatic 
u:lyco^en, that aqueous fixations were required for blastnlae, gas- 
trldae, etc., and that their own dioxane-])icric acid-formal in-acetic 
acid rK|uid was satisfactory for fixation of glycogen. 

Lison (67', p. \iJO) stated that the Best carmine method has no histo- 
chemical sjiecificity. Lee (6'b />. JSH) recommended that ])repara- 
tions be niade in tri])ilicate, to be used with the iodine method, Ih'st’s 
carmine method, and the salivary counterjiroof method. Bauer ('/') 
reported that his method would selectively demonstiate polysac- 
charides such as glycogen, galactogen, starch, tnnicin, and cellnlohe. 
Idson (67, />. JJJ) considered that, inasmuch as the coexistence of 
many iiolysaccharides in a given liifdogical location is unlikely, Bauer's 
method is a good histochemical test for glycogen. Lee (6'}, p. JS9) 
considered Baner's method to be less s))e(*ifi(‘ than others. (liovannola 
(^/) concluded that the ])o]ysaccharide reaction of Bauer is better 
than the Best stain for many kinds of protozoa. Gendre ( fj)) (*on- 
sidered that the iodine reaction, witli salivary counterproof, is specific, 
that the Best method is less s])ecific than the Bauer method, \vhi(‘h 
itself is not very s])ecific; he recommended that the Bauer method be 
controlled by the mncicarmine method of Mayer and the method of 
salivary connterproof. Gontelen and Gochet {\!0) stated that, among 
the glycogen methods they used, only the iodine method and the 
Bauer method possess histochemical value and that, as the latter is 
positive for otlier jiolysaccharides than glycogen, it should W ac- 
companied by other methods. Bakker (4) obtained I’esults indicating 
that, positive and negative iodine reactions are insufiicient evidence 
uj)on whicli to decide whether or not a cell contains glycogen. 

Ill the present work the fluids of Gendre. Bonin, Bonin-Allen, 
Pasteels and Leonard, Neukirch, and Vastarini-('resi gave niisat- 
isfactory glycogen fixation when applied as indicated in table 1. 
These fluids were applied to blood and tissues of larvae that had been 
heat-fixed, and the blood and tissue smears'were not subjected to the 
usual dehydrating and embediling procedures. Noin' of the fixat i ves — 
absolute alcohol, Carnoy's fluid, and Zenker's fluid — that weiv found 
to give better results (table 1) contained picric acid. 

The staining ju’ocedures used here were chiefly the method of Bauer, 
which was supjilemented with Lugol’s iodine method, the method of 
Best, and as counter[)roofs, Mayer’s mucicarmine method and tlie 
method of salivary digestion, insofai* as blood and midgut epithelial 
(*ells were concerned. [Ihe results are considered to indicate that the 
])olysaccharide in the Idood and the gut cells is glycogen, but since 
only the Bauer method was used on most of the other tissues, it cannot 
be concluded that the iiolysaccharide occurring in those tissues is 
glycogen. The re.sults of this investigation, however, taken in con- 
junction with those rejiorted by the other investigators, indicate that 
the observed tissue jiolysaccharide is probably glycogen. 
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SUMMARY AND CONCLUSIONS 

( )l)S(.‘rva( ions on occnrreiife of olyco^on in blood cells and inid- 
^nt epitlielial (*ells, as Avell as of pol ysacrliaride in various other tis- 
sues, of the soiithei’n arinyworin (Prodenta eridan'ni (Ura,in.)) iwv 
j)resented and discussed with reference toother literatui*e bearing upon 
the subject. The j*esults of several experimental ])i*ocedures are also 
])res(‘nted. From tlH‘ observations and results reported here, the fol- 
lowino- conclusions may be drawn in repaid to histochemically de- 
tectable ;L!:lyco^en or polysaccharide in the southern arinyworin: 

(1) (dyco^en occurs normally in the blood cells, mid^iit epithelial 
cells, and c(u*tain other tissue ceils of the lai'vao. 

(2) Neither blood-cell ^lyco^en nor mid^ut-epithelial-cell lyjlyco^en 
occurs normally in tlu* larva at the time of hatching. 

(r*i) As indicated by values of the ^lyco^en index, blood-cell ^1\ - 
co^(*n in<*r(‘ases during normal larval development until it attains a 
maximum in the jirepupa: after pupation it ra|)i(lly decreases and 
remains at a low level during- most of the pii])al ])eriod, tending to dis- 
apjxair toward the (Uid of the i)U])al [leriod. In the first instar, and 
probably in the adult, blood-cell ^ly(‘()^en ocrurs Aau’y infmjuently. 

(4) When newlv hatched larvae are kept without foocl, neither 
blood-cell nor mi(lmit-(‘pithelial-cell glyc'ojren occurs up to the time 
of death; but when they are ^iven food (‘ontainin^ sufficient (*arbo- 
hydrate, particularly glucose*, mid^ut-(‘j)ithelial-cell /^lycooen appears. 
It tends to appear sooner than blood-r’ell ^lyt‘o^(‘n, whii‘h occurs 
infrequently. 

(r>) In sixth inst ars blood-c<*ll ^ly<*o^en decreases or disappears dur- 
ing' starvation and increases after ingestion of food (‘ontainin^ car- 
boliydrate, pai1 icularly ylu(*ose. 

(()) As many as S5 peivent of the larva’s blood c*ells may <‘ontain 
^•ly(‘o^(‘n inclusions as a result of ingestion of sufficient carbohydrate, 
part i<*ularly glucose. 

(7) Most, but a])parently Jiot all, of the insect’s blood-cell ty[)es 
can contain ^lyco^(*n inclusions as a I'esult of glucose ingestion. 

(JS) The blood cells here called j)lasmatocytes and (‘vstocytes 
showed a greater tendency to contain ^lyco^en inclusions than did 
th(‘ other blood-ccdl types. When tin* ^lyco^en index is sufficiently 
hi^h, ^lyco^en iiudusions may appear, howewer, in the cells hei*(* 
called sphei’oidocytes, poly pod ocytes, and nematocyt(‘S, as well as in 
some otluM’s. (xlyco^en inclusions may also oc(‘ur in cells under^oin^ji: 
mitotic division. 

(it) The ^lyco^en inclusions tend to be fewer and lai’^er in the 
[)lasmatocyt(‘s than in the cystocytes. 

(10) The ^lycopui count of the normal insect typically has the 

form 0> 1 , where the numbers refer to the classes in the 

count. 

(11) As tluj ^ly(a>^en index increases, the cells decrease in class 
0 and increase in the other classes. The increase is greater in 1 than 
in 2 and greater in 2 and b than in 3. When the ^lyco^en index 
increases enough, the maximum shifts from class 0 t o class 1. 

(12) The plasmatocytes tend to pass through all the classes from 
0 to 34- relatively slowly, whereas the cyst(M*ytes tend either to ))ass 
through them rapidly or to enter class 34- wu’thout passing through 
1, 2, or 3 at all. 
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(13) Average glycogen (xmnts from nonligatured larvae and from 
the fore and hind ends of ligatured larvae have similar forms. 

(14) Glycogen may occur in rnidgut epithelial cells in each instar. 

( 15) Midgut-epithelial-cell glycogen is influenced by food ingestion, 
decreasing as a i*esult of starvat ion and increasing after high intake 
of carbohydrate, espe(*ially glucose. 

(10) Glycogen inclusions can occur in the labial-gland cells and 
the oenocytes of first instars. 

(17) Polysaccharide can also occur in the following tissues of larvae 
fed sufficiently large amounts of glucose-cornstarch-turnip leaf food : 
Ganglia (and coJinectives) of the A'Cntral nerve cord, labial glands, 
Malpighian tubes, fat body, oenoc>ytes, gonads, j^ricardial cells, 
iiitegumcnt, walls of the foregut and hindgut, striated muscle fibers 
of body mus(‘les, gut musculature, cardiac muscle, and the alary 
muscle fibers. 

(18) In the striated muscle fibers the polysaccharide occurs diffusely 
in the fibers and concentrated at the cross striations. 

The observations and Jesuits re])ort.ed here, taken in conjunction 
with the other results reported in the literature cited in this paper, 
tend to supj)ort the following conclusions : 

(1) Prodenia erklania is not ex(*eptional in that some of its cir- 
culating blood cells normally contain glycogen inclusions. 

(2) 'Ilie blood-cell glycogen rcj)resents a store of reseive carbo- 
hydrate leather than, for example, a newly absorbed foodsluff that is 
being transported by the blood to the tissues; hence, storage of reserve 
carl)ohydrate may be recognized as one function of the southern ai iny- 
woi'in's blood cells, particularly the plasmatocytes and the cysto(‘ytes. 

(3) The glycogen-containing blood cells themselvc^s possess mechan- 
isms for gl neon oogenesis and glycogenolysis. 

(4) Gluconeogenesis and glycogenolysis may be influenced by a 
number of different fa(*torv, AAdiich are discussed. 

(5) The midgut-ccll glycogen indicates a storage of reserve carbo- 
hydrate rather t han a glucose-absorbing mechanism. 

(G) Glycogen synthesis occurs in those tissues in wdiich the glycogen 
appears, rather than exclusively in a single jjarticular tissue, such 
as the fat body, although this body may synthesize and store a 
relatively large amount of glycogen. 

(7) Glycogen jjrobably occurs in the glyc.ogen-storing cells in both 
a soluble and a relatively insoluble form. 
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“PARTICLES” AND THEIR RELATIONSHIP TO THE 
STRUCTURE OF ANIMAL FIBERS ' 


By ,1. 1. Hardy, avuior annual husbandmmi, Animal Ilushandnj Division^ Bureau 
of Animal Induslnj, United Staten Department of Agriculture, and Thora M. 
Plitt, assistant mici oanaUjst, Fish and Wildlife Se /vice, United States Department 
oi the I nterior 

INTRODUCTION 


Many of the problems (•on(*(‘ni(‘(l witli the variation in tin* (pialities 
of nnimal fibers ean lu'vc'r be solved until a inon* eoinpn'bensive iiiuler- 
slandin^ of the ininut(‘ strueture of tla^ filx'rs has Ixaui aebieved. 
Of tli(‘ many animal fifx'rs, wool is the most wd(l(‘ly used. The 
piTuliar ])rop(‘rties of wool hav(‘ led to miieh spi'ciilation as to the 
struetun‘ of th(‘ lib(‘rs. Mor(‘ than a eiuitury a^o Thomas nint, a 
w'()ol(‘n manufaetunu’, made* Ux* following* statement, as ((noted by 
Youatt j). 

lp‘sp(‘ctins the pjjplication of tin' inicroscojK* to ('xandnation of th(‘ fibre, 
I am di'eidiMlh of opinion that a ean^ful and nnnul(‘ (‘\aininat ion of wools diffiTing 
in their felting propertic'^ would ismu‘ in the detiTlion of some s})t‘Cifi(* diffiTeiiee 
of structure. 'This propi'i’tv is j‘ltog(‘ther ine\]dicable, at least in iiiv mind, 

(‘\eept on the sup])osition that the e\trem(‘ surface' of th(‘ fibre is irrc'gularly 

featheied, and that, b> comprt'ssion, th(‘s(‘ fi'athen'd ('dg(‘s Ix'conu* (‘iitangled and 
lockc'd togetlu'r. Th(*s(‘ ieat,h(‘rs must also point in one dinrtion, \ iz, from the 
root to the (‘Xtr(‘mit\ of the fibre', and if w(‘ suppose the' f('ath(‘r(*d exlge*, or, more 
prop(Tl\ sp(‘aking, the' indi\idual tooth or f(‘ath('r, to b(‘ of a firm 1(*\liir(‘, it, is 

idi'iit that one tooth b(‘ing puslu'd into another, would fastc'ii hk(‘ a W’(‘dg('; and 
if we furtlu'i* suppose' tliat the' teioth e)i fe'athe*r has a barb, similar tei that on a 
w hp.le'-harpoon, the' phenomena of fe'lting are e'xplaineel. 

Plinl’s (ibs(‘i\ ntioji of th(‘ serrattxl (m1^(‘s of wot^l is also dt^seribed 
1 y Youatt p <S7), as follows: 

A fibre* was taken from a Me^rine) fl(‘('(‘i' of thre'e* ye'ars’ growth h- * p, 

WPS taken witheiut se'lection, and pla(*(‘d on the* frame tei be* e'xamined as a trans- 

parent obje'ct. \ powe*r of aOO (hne*ar) was usc'el, and the* lain]) was eif the* com- 
mon ilat-wicke'd kinel 'flie* focus was re'aebly feiund, the're' was no tremble* in the 
adjustment of the* micreisceipe*. anel, afte'r Mr Peiwe*!! [the make*r eif t he* niicreisceipel, 
Mr Plint hael tlie* first pe‘rfe*ct ocular ele*nie)nstration e>f the* irre*gularit ie‘s jii the* 
surface' of weieib the palpable prejeif eif the* cause* of the* most \aluabie eif its 
proper! ie‘s its dispositiem to f(*lt. 

During llie last (*(‘iitury the* larg:(‘r (deuiuMits of tb(‘ structure of 
wool libers weue' definitedy (‘stablisluxl. The* thre'e* main r(*"ions are 
the* cuticle, cortex, and medulla. The cuticle is the* layer of thin, 
horny, irre*g:idarly shaped, plate'like* cells that e*nv(*lop the* fib(*r. 
Tht'se* cells may overlaj) (*ach oth(*r or surreiund the*, liber, but the*ir 
e*d<j:e‘s always ])()int toward its tip. Many patte'rns are* lormed on the 
surfae'e* e)f wool tibe*rs by the* arran^e*iuent of tlie'se ce'lls. Th(*y dilfer 
in elilfe'rent animals; in fact, tlu'v vary from the* re)e)t tei the* ti]) (*nd 
on many fibe'rs. The* cortex, which lie's just below" the* cuticle*, (*on- 
stitute's inost of the re'inaining: j)ortion of a wool fibe'r anel some'time's 
all of it. It is maele up of spindle'-shaped ce*lls that are intimatedy 
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bound toiretlK'i*, j)robably l)y somo sort of binding substanco. Tlio 
stiHMigtli and (dasticity of wool arc attribut(‘d largely to those horny 
colls. Many fin(‘ fibers an' composed of only the cuticle* and the cor- 
tex; how(*v(*r, in most wool fibers there is a ce'ntral corelike* structure, 
the nu'elulla. It may elifier in appearance in dillerent kinds of w'ool. 

Nathusius (tJ^) elisinte'gral(*d wool fibers by chemical moans, e*m- 
ple)ying sulfuric acid, alkali, or ammonia to se*])arate* the^ ce*lls. lie* 
fe)unel the* cuticle*, corle*x, a?ul me'dulhi to be c(nnpose*d of C(*lls e)f 
<liffere*nt shapes. McMurtrie (10), e*mple')ying the* same* roage*nts, 
exaniiiK'd those ce*lls in eletail with spe*cial re*fe'rence to difre*re*nce*s 
among various breeds of she*e*p. Walther’s (22) ambitious me*asure*- 
me'iits of 20, 000 cortical c<*lls, s(*])arated by sulfuric acieb she)we*d 
that the*re* are slight difference's in size* of wool-fibe*!* e*e‘lls among 
differe'iii broe'ds of sheep but the*y are ne)t e)f suflicie'iit magnituele* te) 
warrant de*finite conclusions. 

Since disinte*gration of the fibers by e*he‘mie*als alwuiys proelue‘e‘s 
some sw'e'Uing, aite'ntieni wuis tunie*d to biological me*the)els e)f dis- 
inte'grating libers. Me*unier, ('^hambard, and (\)inte* (//) suce‘e*ssfully 
e*mploye‘d an e*nzyme, pancre*atin, fe)r the* separatiem of the* cortie-al 
ce'lls, anel also of the cuticular ce*lls. Wate'is (23) isedated the* bae*- 
te*rium that cause's pink re)t of wool, a.nel this organism was use*el by 
dabrie*] ((>) te) break up the libel’s for tlie stuely of the* ce*llular characte*rs 
of wx)ol from Me*rino, Romne*y, anel Lince)ln she‘(*]). Burge'ss (2) 
disinte'grateHl wool fibe*rs by the action e)f the* e'nzynie*s trypsin e)r 
pe'psin. The* ivsults we*re* similar to those* obtaine'd w ith the* prote*e>h tie* 
bact(*ria, but WTre' adii(*ve*d much moi'e* rapielly. 

Although the early w'orkers the)Ught that the* ce*ll re*pre‘S(*nte*el the* 
ultimate* e*leme*nt of structure* of animal fibers, late'i* studie'S have* 
elisclose*d smalle*r fe*ature*s. Striations le*ngthwuse* e)f the* fibe'rs have* 
bee*n notice*d for a long time. Waldeyer (21), in e*\amining hairs, 
concluded that the'se WM*re fibrils (‘‘Hornfibrille*n”), which W'e*re* con- 
stitue'jit ])arts of cells, but w'e*re longer than indivielual ce'lls. He* 
be*lie*veel the*m to be the* e*le*ine*nts e)f the^ structure* of fibe*rs, anel he* 
the)ught that the*y were proelucexl by the c(*ll proteiplasm. Nathusius 
(15) cemfirmed the finding of these fibrils anel the*ir importance* as 
structural units eif the cortical cedis but eliel ne)t finel substantiation of 
Waldeyer’s (21) claims that the fibrils, wu*re^ large*r than e'litire ce'lls. 
Moreover, he also mentie)ns an intcrfibrillar e*e*m(‘nting substance*. 

Physicists and chemists are at pre'se*nt ’apiiroaching the* stuely of 
fiber structure from emtirely differemt angle's. Thus Asthury (/) is 
det-e*rmining the* shapes anel the eliineuesions of the* inolee*ules anel the*, 
way tliey fit toge*theu*. Spe'akman (19), Harris anel Rutherforel (<S’), 
anel others are explaining characteristic proper! ie*s of woeil in te*rms 
of chemical differences. 

In the opinion of the writers, the*re*. is a lai*ge* gap between the 
fie'lds in which work has bceni in preigress on wool. On the owe luinel, 
the microsce)pists examine wool at 300 to 500 eliame*te*rs’ magnification, 
usually to understand its gross structure*, wlu*re*as the* physicists anel 
ch(*mists study the* size, shape, linkages, anel other characteristics of 
the structural componeuits of fibers in terms of angstroms (0.0001 ju). 
Howewer, e>xact knowledge of the smalle*st visible* units of structure of 
the fibers anel the manner in which the*y are* h(*ld together is yet v(*iy 
meager. Indications of the e*xiste*nce of particle's in w^ool, mohair, 
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hunijiii hair, cattle hair, and lio^ hristh's were obtained by Ilaidy 
and r(‘port(‘d by Mohh'r {T2, p. 2fl). Questions arise as to wlial may 
be r(‘V(‘aled cone(‘rnin^ th(‘ striictun* of tlu^ cuticle, th(‘ cortex, and the 
iiKalulIa wh('n tlu'y arc* examined at higlu'r magnifications tlian hav(» 
ordinarily b(‘(*n usc'd, and also wlndher dcdails can b(‘ more sharply 
defined by s])ecial att(‘ntion to optical and histological techni(|ues at 
all mapiilicatioiis. To obtain information on th(^s(‘ ])oints, the study 
r(‘])orted in this ])a])(‘r was conduced from 1938 to 1940 at tln^ I'niUHl 
States l)(‘partm(‘nt of A^ricultun', B(‘ltsvill(‘ K(‘Search Centcu*, B(‘lts- 
ville, Md. 

EXPERIMENTAL METHODS 

In sec'kin^ units of structure of animal filx^rs smaller than tlu' fibrils 
n‘])ort('d by Wahh'Viu- (i/), wool iil)ers from Lincoln and Karakul 
sIkm'P wer(‘ chos(‘n as thc' mat(‘rial for invest ij^at ion. Several imdhods 
W(‘r(‘ em])loyed to disintegrate th(‘ fibcus in order to avoid artifacts. 
M(‘chanical disint (‘^ration was accomplished in two ways: (1) Tin* 
fib(‘rs W(‘r(‘ diss(‘ct(‘d und(‘r th(‘ microsco])(‘ ((inauiou^h ty])(‘), bits of 
the fiber being ])(‘(4(‘d off tin' surface' with a sharp knife, and mounts 
mad(‘ of tlu'se surface' or cuticular scra])ings anel alse) e)f scrapings eif 
th(' e*e)rt(*x; (2) fragme'nts of fibe'rs in a me)r(' hiK'ly divieh'el state w'i're' 
eibtaine'el by grinding the* sam[)l(' in a Wih'y mill and n'liioving the 
coarse'r fragme'nts liy sifting the greiimel mate'rial through a fine'-me^sh 
glass ('loth. 

(’’lu'mical disintt'gratiein e)f tin' ce'lls w^as e)btain('el by a proeedure 
similar to that followx'd by earlier inve'stigateirs. This cemsiste'd in 
imnu'rsing mounti'd libers in a warm solution of ('epial ])arts e)f sulfiirie* 
aciel and w'ater eir o-percenl sodium hyelroxiele. Two pr threa* fibeTs 
wx*r(' mounte'd on a. glass slide' with aelhe*sive tape', the' fibe'rs exte'nding 
lU'arly the e'Titire h'ligth of the slide. As the' fibers elisinte'grate'el, 
succe'ssive' se'gme'nts we're' remove'd from the slide and mounte'd in 
glyce'rin. Slight pre'ssure was apidie'd to sei)a,rate the' liber ce'lls. 
In this manne'r slide's wi're' obt aim'd that showe'd the' various stage's 
in the se'paration of tlie' ce'lls. Saturate'd acjue'ous sedntion of bromine, 
as w ('ll as pe'diyeirol, w as found to be satisfactoiy for disinte'grating the 
fibe'rs. 

Finally, a ne'W^ biological method of disinte'grating the fibers was 
de'visi'd j)y the se'iiior author, as re'])ort('d by Mohler (12). It con- 
sists in fe'e'eling wool to carpe't beetle's,'^ Aathren as roras anel Aitaijenns 
])iceas, uneh'i’ controlleel ce)nelitie)ns. The' disce^ve'ry oj this me'thexl 
ivsulte'd frenn an inspection e>f giiine'a-pig-hair sam])l('S that hael bee'ii 
stored in large' gelatin ca|)siile's. The snow-white* Iniir hael somehow' 
been replaced by a snenv-wdiite j)e)W'eler; black anel white hair by a 
gray ])e)W'ele'r. (^oser inspee'tie>n re've'aled a small hole in e'ae'li ca])sule; 
the larvae of semie inse'cl hael e'ate*n lhre)Ugh the ge'latin ed the e'apsuh's, 
eh'vemred the hairs, anel made' their e*xit the same; way that tlu'y had 
eome. The entire sample' e*abinet prove'd to be' infe'ste'd with carpe't 
be'eth'S. It se'cmed logical to assume that if the* beetles had live'd only 
on the hair, their e'xcre'ta would eontain lomains of fibe'rs in a very 
fiiuJy divieh'd state*. Microscopieml ewainination confirme'el this. This 
leuiel was fedlow^cd up by an experime'iit. Cai'pe't be'e'th' larvae' weio 

3 These were obtained through the courtesy of Ernest A. Rack, of ihe Rureaii of Entomology and Plant 
Quarantine, and of W^illiam A T)a\ulM)n, formerly ofthc Food and Drug Administration, V S Department 
of Agnciilture 
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placed in contact with various kinds of animal fibers, including several 
kinds of wool, hog bristles, and the extremely tough bristles from the 
tail of th(‘ African eh'pluint. All of these were consumed with appar- 
ently (‘cpial eas(^ and relish by the carpet be(dl(‘ larvae. Passing 
through the dig('stive tracts of the insects, these animal fibers were 
reduced to a powdcu*. 

In vi(‘W of this finding, the following experiment was performed: 
Fifty of th(‘ biH'th* larvae wen' put into each of a series of si)ecimen 
jars having a capacity of about, 25 cc. and provid(‘d with screw caps, 
A samph* of wool was added to each jar, which was tlieii set in a dark 
place at room temj)erature. In a few days th(' wool was r('du(*ed to 
powd('r by passing through the dig('stive tracts of the beetles. 

To determine tlu' arrangc'nu'tit of the partich'S in tlu' fibers, cross 
sections and lojigitudinal sections were cut on a rotary microtonu'.^ 
The filx'rs weri' prepared for st'ctioning by putting them thi‘oiigh 
thr('(* change's of dioxane' and then keeping tlu'in in a parafTin ovc'U 
for 2)2 hour's iti a mixture* of one'-third die)xane* and two-thircls soft, 
paraffin. At the enel of that time tlu'V we're* tr*ansferre'd ter hard 
paraffin (50° 5S° C.), h'ft for 2!2 hour's, anel tlre'n embe*dde*el. The 
b('st succe'ss in cutting the sections was founel with ble)cks that hael 
stooel about 1 W"e*e‘k be*for-e* cross se'ctioning. 

xMounted spe'cirne'iis elerive'd by the above nie*thoels we*re‘ e'xamined 
uneier diflerent mici*e)S(‘e)pie‘ ce)nelitions, iru'luding orelinaty tr'ansmitte'd 
light, e)bli(|ue' illuminatiern, and ])olariz(*el light. It was not pi‘ae*tie‘a] 
to me*asure' elire*e*lly the small individual units found. IIe)W^e*ve*r*, by 
the use' erf an ocular ste'p micromete*!* it w'as jrossilrle ter obse*r‘ve* e'hairis 
of tire minute str*uctiiral units of the fibrils anel to measirre* the length 
of sever*al chains, Irom which the ap])r*e)ximate* size* erf inelivielual 
units could be de‘te*r‘mine'd. 

EXPERIMENTAL RESULTS 

t 

Berth the scr^apings of the fibers arrd the fibers that had been gr-erund 
and passed through the frrre-me'sh glass chrth w^ere* foirnd to be* to(r 


KXl’IANATOliV I>K(JKN1> FOK 1 

.1, Aggregates of ])article.s with ceaienting J'liaterial in a fin(‘lN ground Lineoln 
fiber; mount eel in acryloid. 

Aggregates of jrarticles in a finely groeind Lineoln fiber, inount(‘d in jxjIn- 
styrene*. 

r, Individual })arti(dc*s in finely ground Karakul fibers; mounted in iiolvstynme*. 

I)y Individual particles in (*.\ereta of canret beetle's fed Lineoln filx'rs; mounted 
in polystyrene. 

Striated airix'ai’anee of an untr(*at(*d Karakul fiber, as r(‘\e‘aled by an im- 
pression on a transparent thermoplastic film. 

F~I ^ Progre'ssive stage's in the disintegration of fibers through the use of sodium 
hydroxide: F, fiber sw'ollen, chains of black particle's visibles in lighte'r e'dge's of 
Karakul fiber; C, Karakul filler gre*atly swollen, particles evident in iiie'dulla 
(corelike center) ; //, partial disintegration eif Karakul fiber, medulla still pre'serve'd, 
cc'lls breiken deiwui into fibrils; /, cemiplt'te disintegration eif Lincoln fibe*r, fibrils 
se'jiarated. 

J, C’ross seKdion, about 5g thick, of Karakul fiber, showing aggre'gates of 
particles. 

K and L, T.emgitudinal se'ctions of Karakul fibers, showing regular alignment 
of chains of particles. {A I), X 3600; E~Lj X 600) 


♦ Thpf>e seetious were prepaied by JF. Dean Hay, of the Bureau of Animal Industry. 
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lar^o to show I lie (h'tails clearly. JIowevcM*, lli(‘ fine dust sifted from 
the ground fib(‘rs was satisfactory. On examination of this ])ow(l(*r 
urnh^r the microscope with ol)li(|U(‘ illumination, aggn^gaU^s (pi. 1, 
and H) and individual small spheri(*al units (C) could be seen. 
These' individual units, for which the authors propose' the' name ‘‘par- 
ticle's,'' we'i-e' emly a fraction eif a micron in diamete'r. 

The arrange'ment of the' ce'lls, fibrils, anel ])article's was be*st eihse'rve'd 
in the' sj)e'cim('ns that had be'e'ii iire'pared by che'inicaJ tre'atment. 
Plate' 1, /s', slmw^s an irnpre'ssion of an untreate'd Karakul fiber em a 
transparent the'rmoplastic film, obtaineel by a ine'thod pre'viouslv 
de'velope'd by the autheirs (7). The sonu'what striate'el appearance' is 
e'vidently e*ause'(l by fibrils, which in turn are' coinpeise'd e>f chains of 
particle's. F^ fV, II, anel I show progre'ssive stage's in the' cht'inie*al 
disinte'gi-ation of fibe'rs. In F, tlu'se' cliains eif black partie'les are 
visible'- in the lighte'r e'elge's of the fibe'r. In O, W'hi(*h shows a givatly 
swollen fibe'r, tlie' particle's may be ch'arly see'ii in the me'dulla. In 
//, the' fibe'r is ])artly elisinte'grateel althenigh the' nie'elulla is still pre'- 
se'rve'el. The cortie'al ce'lls have bre)ke'n elewn inte) fibrils, in whie*h 
the e'hains e)f ])artie*le's he)lel te)gethe'r in a e'e>lloielal mass. In /, the 
fibrils have be'e‘e)nie se'|)arate'el during se\ e're sw e'lling. He're', again, 
the* particle's are* se'e'ii te) be* arrange'el in single mws of chains. In the* 
e*e)rte'X the* e'e'lls api)e‘ar in jiaralh'i chains, whe're'as in the* meelulla the 
chains are irre'gular anel ve'ry much twiste'el. It is pe)ssible' that tlie'se* 
chains of ])artie‘le'S are* ne)t in the* same* plane' lor the'ir entire' length and 
may, the're'fore, be' lemge'r than the'y aj)])e'ar. The* arrange'rne'iit e)f 
tlu'se' partie'h'S in single rows e)f e*hains anel the' ap])re)ximate'ly paralh'l 
alignment e)f many e)f the' fibrils with ivspe'ct te) tlie' length e)f the* fibe'r, 
may be e)f fundame'iital signifie'-ance in eleterinining some* e)f the im- 
l)e)rtant mechanie'al pre)pe'rli('s of animal fibe'rs. 

Ins])e'ctie)n e)f the' fine pow'ele'r to whie'h the' v\e)e)l was re'eluce'el by 
passing thre)Ugli the* elige'stive tract e)f the carpe't be'e^tle's 1 ‘e've'ale'el 
that it was rnaele' up eif aggre'gate'S of many small ])e'lle'ts. On crushing, 
tbe'se pelh'ts were found to be* compose'd eif small s])he‘rical units that 
appe'areel te) be the same' as those e)btaine*el by the* e)the'r me'the)ds. 

Examination of ])arts of fibers from Karakul shee'p by e)ielinary 
transinitte'el light gre'atly fae'ilitaie'el the re‘e‘e)gnitie)n e)f the' particle's 
be'cause* e)f the' pre'se'iice e)f pigme'Ut in many of the'in (])1. 1, j, /x, L). 
The' significant fae’t is th('re*by e^stablislu'el that the' inelivielual partie'h'S 
may ceintain pigme'iit, as she)vvn also in C\ The* j)igme'nte'el particles 
are* usually black but se)me' brown one's have be'e'ii se'en. It is not 
une'e)ininon for black |)artie‘le'S and white* ])article's te> e'xist in close 
pre)xiinity in the* same* fibe*r, but in any e)ne fibril ])artie‘le's e>f one color 
appear to pre*elominate* {K). 

In plate 1, J, which show^s a thin cioss se'ction e)f a Karakul fiber, 
j)article's may be se'eai in aggre*gate*s e)f eliffe're'iit shaj)e'S anel size's. 
In K anel X, which she^w lemgitudinal se'ctiems of Karakul fibe'rs, 
chains of ])article'S are aligned in a re'gular inanne'r. 

Uneler ])olarizeel light this alignnie'nt is further manile'ste'el. A whole 
chain e'xhibits the same', characte'ristics e)f elouble re'fraction as de) 
the inelivielual particle's. The fibrils are briglit whe'ii placed in a 
position 47)° to the planes e)l vibration of tlie Nicol prisms but are 
e'xtinct wdie'n place'el paralh'l to the* plane's of vibratiem. When the* 
“first order re'el" plate' is inserted, the chains are alternately blue and 
ye'llow as the'y are* rotateel through tlie epiaelrants. Since? the partic'h's 
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aro spherical, such behavior of the fibrils indicates that the particles 
ar(' arranjred in accordanct* with the alij^ninent of submicroscopic 
int(UTial structun‘s. 

M('asurem(uits of chains of particles yi(dd(‘d an estiinat('d diameter 
of O.Oac for individual particles. Particles obtaint'd from fiiudy 
ground Karakul fiber are shown in plate 1, (\ and particles from the 
(‘xcH'ta of carp(‘t bec'lh'S fed Lincoln wool fib(u*s are shown in fi^un^ 
/>, both mount(‘d in polystyrene. A transparent film was observed 
repeat (*dly. Such films may b(‘. seen in piec(‘s of finely ground Lincoln 
\\ool fiber mounted in aciyloid (A). The particles are appanmtly 
attached to this film, which may tlnuH^fore prov(' to be of the natur(‘ 
of a cementing mat(‘rial. 


DISCUSSION 

The partich'S ar(‘ apparently composed of k(Matin. Th(‘ question 
of the relation of thes(‘ k(*ratin particl(‘s to micelli's and ciystalliti's 
naturally aris(‘s. For many years scicuitists ha.v(‘ att(‘m])led to gain 
an understanding of the sinalh^st structural units. What tiny hav(; 
se(‘n and th(‘ir interpretations have given ris(‘ to controv(*rsies. 

The d(*finition of miccdh'shas undergone sevcual nwisions through the 
ycuirs. Nfigdi’s coneeption, as report(‘d by Nag(di and Sehwi'TKhuuu* 
\lS), was that molecules ar(‘ grouped into submicroscopical, that is, 
invisible, crystals whicli he ternu'd “micel](‘s.” S])eakinan still refers 
to micelles in wool 200 angstroms thick and i)robably 10 limes as 
long. Fn‘y-Wyssling (o) inodifi(‘d the (*oncept of micelles to a])])ly 
to all the long moh'cular chains which ar(‘ lh(‘ franu'work that h'tuls 
rigidity to a gel. This is an extension of thought in that it includ(‘S 
not only the aggrc'gate'S of chain moh‘Cules in suffienuit numlxus to 
produce* crystalline eflects, but also those composeHl of but fe‘w ])aralle‘l 
chain molecule's. On this basis he proposed a tlu'eire'tical structure* eif 
fibe'is which he* belie've'erwould reconcile the* two conflicting ])oints of 
vie*w: on the* one* hanel, the* e*xiste*nce of a bricklikeslructure*coni[)e)se*el e)f 
a dispe'rse ])hase in a elis])e*rsie)ns m(*elium, such as conceive*el by Nag(‘li 
{13 ) ; and on the* othei hand, thee*xiste*nce* e)f only a continuous structure* 
interprete'd by Spenisler {20) anel Astbury \l) in X-ray nu'lheiels. 
Fre*y-Wyssling {5) proposeel a re*ticular fibrilhir syste*m of structure* in 
which lejiig me)le*cular chains crystallize toge'the’i* in some* re*gie)ns, anel 
in othe*rs are not sufficie^ntly closer or j-eguhirly parallel te) lorm a 
crystalline* lattice*. The*re* is no ce)rpuscular elispe*rse* pliase*, but both 
miex'llar anel inte*rmice*llar sy’^stenns are* continuous, pe*net rating e*ae*h 
oth(‘r. Jnelivielual micelle's elo not e*xist be*cause the*y are* all conne*cte'el 
with one another anel gre)\r te)ge*ther; the micelle's e)f Nageli corre*- 
sponele*el mere*ly to ciystalline irgienis within a e*e)nt inuous, ])e)roi:s 
structure. Farr anel Sisson (4) e*mphasize* that the* pe)ssibiiity e)f 
furthe*r subdivisiem of cellulose particle's into smallei*, pe)ssibly sub- 
microscopie*, crystalline* masses is not obviate'd by the'ir conce*])lion 
of me'inbrane structure*. It is like*wise pe)ssible that the* ke'ratin 
particle's may in turn be compejse*el e)f submicroscopic units of structure*. 

All the inve*stigate)rs me»ntione*el studie*el ce*lJulosic fibe*rs e‘xce*pt 
Astbury (7), who inve*stigate*d libel's of animal origin. Further 
analysis in the several relate*el fielels will be nece'ssary be'fore^ the 
e*xact structure's of fibe'is anel tlielr re'lalionships are dc'finitely 
establishe*el. 
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Tlio particl(‘s in wool and othor animal filxn’s an* b(*li(*v(*d to he 
(•oinj)os(*(l of k(*r«lin sinc'o lh(*ir rosistance* to llu* action of chemicals 
is similar to that of the* (‘iitirc k(‘ratinous fib(*r. Furth(‘rmorc, like 
the whoh* fib(‘r, the particles are doubly refractive, as an* tin* fibrils 
in which tlu'v occur. Th(‘S(* particles are spherical, having' a diameter 
(‘stimated at a])pro\imat(*ly ().t)/i. Nathusius mea-surin<z: dry 

fibrils by proj(‘ction, although obtaining m(‘asur‘(*m<‘nts l)etW(*en OAn 
and 0.7 ju, con(*lud(‘d that no dilf(‘n‘nc(* in tin* thi<*kness of tin* fil)rils 
could b(‘ d(*monst i‘at(*d l)(*tw(‘(‘n di(T(‘r(‘nt kinds of hairs or betW(‘(‘n 
wools of difb'rent fl!U‘n(*ss. The k(‘ratm particles ap])(‘ar to lx* uni- 
form in size*, although this point is difficult to d(*t('rmin(‘ at tlx* hi^h 
ma‘ 2 ,’nifi(*ations that must lx* employ(*d to s(‘(* tlH‘m. In difT<‘n*nt 
mounting rn(*dia th(‘ir apjiarent siz(* is s]ij 2 :htly diir(*n‘nt, as d(‘mon- 
strat(*d in ])lat(‘ 1, .1 and B. HoW(‘V(*r, con(‘lusiv(* studi(*s alon^ 
this liiK* hav(' ix)t lx*(*n made*. Tlx* particles have* a linear arran^t*- 
nx'iit, producing' tlx* fibrils that have* lx*(‘n ])r(‘viously recot>:niz(‘d. 

A distinctiv(* (|uality of tlx* k(*ratin partich's is their cajiacity to 
Ix'ar [)i^nx*nt. As (*arly as 1<S(;7 Kcilliki*!* (0) call(*d att(*ntion to tlx* 
pr(‘senc(‘ of jj:ranular pi<^uix‘nt in hair. In bSOf Xathusius (]o) dis- 
co\(‘r(‘d that tlx* j)i<i:nx‘nt jj:ranules an* pn'si'iit in tlx* fibrils and (*m- 
phasiz(‘<l that tlx*y an* d(*linit(*ly ori(*nt(*d structun*s, not nx'ri* j>:ranular 
d(‘posits of ])i^m(*nt 

A thin transpar(*nt film has lx*<‘n n*p(*atedty obs(‘rved in tlx* pres(*nt 
iin (‘sti^ations (])1. 1, A). This may lx* a (*(*nx*ntin^ substance* which 
holds tlx* particl(‘s and tlx* chains to^(‘tlx‘r. Mor(*ov(‘r, tlx* pn*s(*nc(* 
of such a sul'stanci* lx'tW(*en tlx* particles mi^bt lx* dt‘duced from tlx* 
fact that tlx* particles pass through tlx* di^(*stiv(* tract of tlx* car]x*t 
lx*('tle larvae appar(*ntly without any (‘han^i*. (k)ns(*^jU(*ntly, tlx* 
iiourNlinient d(*ri\('d from the fib(*rs by tlx* larvae* may we*ll be* freirn 
such a (*(*nx*ntin^ substane-e*. Tlx* pn‘S(‘nci* of a (‘cmentin^ mate'rial 
has lexi^ be*e*n pe)stulat(*d by those* inve*stipite)rs wlx) breike* u]) animal 
fibe'rs inte) tlx*ir e*e)nstitu(*nt e*t*lls Nathusius (/4, /'>), Walel(*y(*r (s?/), 
and M(*uni(*r and co\\ork(*rs (//). \Valel(*ye‘r {21) suppe)se*el that tlx* 
fibrils NNcn* elifr(*n*nt iation ])re)elucts eif tlx* e*e*llular pre)te)plasm anel 
that a n*ninant of tlx* pre)te)i)lasm was l(‘ft be*tW(*e*n tlx* fibrils as an 
int(*rlibrillar c<'me*ntnxj:: subslaix-e*. 

Tlx* pn‘sene*(* of e*ellulose* partie*le*s having’ many j)n>p(*rt i(*s similar 
to the k(*ratin |)artie*le*s has be‘(*n n*pe)rte*el in plant e*(*ll walls by Farr 
anel Eck(*rse>n (2). Mon* than a ce*ntury a<ro wSchl(*iel(*n (1(1) and 
Schwann (IS) fe)rmulate*el the*ir fame)us e*(*ll tlx*e>ry, de*e*larin^ the* 
funelanx*ntal similarity eif ce'llular structure* in the plant anel animal 
kin^eleirns. Abe)ut 20 ye*ars late*r Schultze* (17) e‘stablishe*el tlx* proto- 
plasm ele)e*trine*, whe're*in it was re*e*e)<rnize*el that ])re)te)plasni is similar 
in all living orj^anisms. The* pn*se*nt write*rs aelvaix’e* the* possibility 
that pa.rtie*le*s are* tlx* smalle*st visible* units eif me*e*hanie*al strue‘ture*s 
in both ])lants anel animals. 


SUMMARY 

To piin a cle'an*r insight inte) the* niie*rose*opie*al structure e)f animal 
fil)e*rs, re*se*arch was carrie*d on at the* l'nite*el State‘s I)e*i)artme‘nt of 
Aj^rienilture, Bedtsville* Re'sexirch Cexiter, Bedtsville, Mel., elurin»* the* 
y(*ars 193S to 1940. 
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Minute stnicturai units, which the writ(*rs propose to call ‘^particles/^ 
\vere observed equally well in fibers subji'cted to the following trc'at- 
nients: Disintegration by chemical nunins; reduction to a pow^der by 
a iu‘W biological method, namely, through digestion by carpet Ixudles; 
and grinding through a special mill and using only th(‘ r(*sulting fiin^ 
dust. 

The particles are composcHl appanuitly of keratin, two spluuical, 
uniform in size, and m('asure approximately O.G/x. Tlnw are doubly 
lefractive to polarized light and sometimes i)ear pigment. Individual 
particles have been isolated and photographed. 

The particles are aligned in chains, which constitute the* fibrils. 
The chains lie parallel to the long axis of the fibers in th(‘ corte^x, but 
th(‘y appear to twist and interlock in the medulla. 
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RESPONSES OF SOME PLANTS TO EQUAL AND UNEQUAL 
RATIOS OF LIGHT AND DARKNESS IN CYCLES RANG- 
ING FROM 1 HOUR TO 72 HOURS ' 
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INTRODUCTION 

During l.h(‘ l(>n^(*r days of sumiiK*!* and in hi^h latitude's it is a com- 
parativ(‘ly simple' mattyr t.e) study tlm le'U^th-of-elay hediavior e)f plants 
unde'r tlu' normal daylight of the* natural 24-liour cycle*. This can l)e* 
done hy llie‘ use* of dark house's cxedudin^ all li^ht, in which the* plants 
can he kept wlu'n the daily mimhcr of hours of daylight allovve'd in 
the test e*ach day has hee'ii satisfie'd. When cycle's lon^e't* or shorte'r 
than the natural le'nirth of elay of 24 Incurs are* eh'sire'd, the* use of 
natural daylight siipph'ine'nte'd with artificial lii::ht or artificial light 
alone must l)e re'sorte'd to. In the e'xperime'uts now he*ing reporttnl 
upon, artificial light alone* was use'd toge'theu* with fairly constant 
te'nipe'rature* and humielity. 

In the* literature* “ ^ there lias he*e‘n mue*h more w'ork repeirteul 

that ele'alt wdth the* natural-day cycle* of 24 hours than with leuiger or 
she>rte*r e*ye*le's, ])artly l)e‘e*ause sfie'cially ele*signe*el anel expe'iisive* e*Cjuip- 
m(*nt is re'epiired to eihtain sufficiently high light intensity wdtliout 
e*xce*ssive* he*ating, te)ge*ther with ace*iirate* anel elepe*nelahle* re'gulation 
of the* ele*sire‘el light anel elarkne'ss pe*riods. In aelelitiem to this, con- 
tre>l e>f temjierature* and humielity within fairly narre>w limits he*cem\e*s 
a part e)f the* j)rol)le*m e)f the* artificial e'limate* preipewel. 

Fe)r this re*ase)n it has he*e*n the>ught eh'sirahle* te) pres(*nt the* fedlow- 
ing data feir ceauparison with previemsly ace*umulate*d data hase'd 
upein the* same ratios in the* natural-elay e'ye*le* e>f 24 he>urs.' 

MATERIAL AND METHODS 

(kiiitrol e>f ventilation, te'inperatiire, anel humielity was obtaine*el 
hy the* use eif a vertical-type* unit air e’onditieme'r, so aelapte*el as te> 
carry moelifie'd air threuigh suitahle* elucts at a e*onstant rate* inte> e*ight- 
phint cabine'ts, eae*h aheiut 19 ineiu's se|iiare. 

> K('c«*ivc(l for imblicution Miirch JU, 1941 

MUhner, W’ W., and Ai 1 ard, 11 A. kkfkctof abngkm \i r ^ ionaj and short alternations of i.k.ht 

AND DARKNESS ON CfROWTH AND DEVELOPMENT OF PL \NTS JoilF. Apr H0'< 42 f)29'()r)l. llUls 19:il 

McAlister, R. D. tim e course: of photoswthesise'or a higher plant Siniihsii Tnsl Mlsc Collpct 
%, No 24, 17 pp., illiis 1937. 

< lOGKNA, Marie LuISE REOHAniTUMiE^N CBER die WIRKl \(t DES LKTITES AUF das WAdlSTUM VON 
rlaxtalgen UND grCnaloen. Arch f. Mikrobiol. 9 (129] leifi, illus 193H 

* Aufdemgarten, Heinrich zur kenntnls dkr .sixjenannten iNDUKTioNsvoRifANGE rei dkr 
KOiiLENSAtJREA.ssiMILATiON. I'latila 29' ei43-e'>7N, ilUis. 1939 

» Hamner, Karl C interrelation of light and darkness in photoperiodic induction Bot. eJaz. 
1(11 • eiftK~ei87, illus. 1940 

1 term “cycle,” as here used, rcfcTs to the time clapsinp from the* bepinninp of one lipht interval to 
another. It includes an interval of lipht together M ith the interval of darkness immediately followinp In a 
1 • I ratio of light and darkness, an alternation of 12 hours of light with 12 hours of darkness constitutes a cycle 
of 24 hours. 
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The li^ht in each cabinet was furnished by a specially manufac- 
tured water-jacketed and water-cooled 110-volt 1,000-watt incandes- 
cent bulb equipped with reflector, giving at a distance of 1 foot below 
the bowl an intensity of about 1,200 foot-candles as measured by a 
W(‘ston illumination meter, model 603, equipped with a viscor filter 
to measure only visible radiation. 

The plants were grown in porcelain sauce pots of 8-gallon capacity, 
15.5 inches in diamet(T and 11.7 inches high, and without drainage 
holes at the bottom. Each cabinet held one pot. 

The soil used was a W('ll-screened, well-mixed greenhouse loam. 
Nine pounds of clean river sand was first leveled on the bottom of each 
pot, which was then filled with 85 pounds of packc'd soil, so that the 
amount of soil and sand was the same in each. 

The soil placed in tln^ cans was at the optimum tilth, the moisture 
content determined at this time being 19 to 20 percent. 

Except in the case of Rudbeckia bicolor, which was first sown in flats, 
the seeds were sown in the contaiiu^rs in the warm greenhouse, and 
promptly at germination the seedlings were transferred to the tests. 
Throughout all tests temperature was maintained at 77® F., phis or 
minus 2°, with a humidity of 60 percent, plus or minus 2 p(*rc<'nt. 

The pots rested upon counterpoised balances in tln^ cabinets, and 
the water loss was compensated for by the addition of distilled wat(‘r 
each day. 

The plants usenl were P(‘king soybean {Soja max (L.) Pifxr), a plant 
whose flowering is hastened by short days; Rmlbeckia bicolor Nutt., a 
plant whose flowering is more favored by long days; Zinnia angasii- 
folia H. B. K.(sold in th(‘ trade under the name Z. rnexicana Hort.), 
a plant, strictly inde'te'rminate or day-neutral in its revsponse^s; wheat 
{7'rificntn acstimm L.), spring wheat variety Hard FedcTation, which 
appears to be a long-day, high-temperature type*; and dill {Anethum 
graveolens L.), an umbellifer of long-day habit wdth respect to flow ering. 

In some instances a d(*finite cycle of light and darkness w^as adopte^d, 
and a study of different ratios of light to darkness was made*. In 
other instances attention w^as directed mainly to cejual ratios of light 
and darkn(»ss involving total light-darkness cy(i(‘.s ranging from only 
1 hour to as much as 72 hours. In all tests a (*ontrol s{*t was growui 
with alternations of 12 hours of light uid darkness, to s(*rv(* as the 
standard of behavior for the natural 24-houi* (*ycle, which most ])lants 
experience (weryw^here in nature except at or mair tin* poles, wiu»r(‘ 
continuous light prevails during the growing season. 

EXPERIMENTAL DATA AND DISCUSSION 

PEKINCJ SOYBEAN 

From the data on the Peking soybean in table 1, it is obvious that 
the plants grown in cabinets 1 and 2, experiencing equal alternations of 
light and darkness in cycles of 24 and 18 hours resp (Actively, differed 
markedly in growth and behavior (*ven though for the entire* p(*riod 
of the experiment the total duration of illumination was the same. 
The 9-hour alt(‘rnation somewhat delayed flowering, greatly reduc(*d 
the yield of beans, increased the size of the leaves, as well as the ludght 
of the plants, and decreased the dry w^eight. It would appear that the 
shorter alternations of the 18-hour cyde tended to delay and reduce 
flowering, to that extent being l(*ss favorabh* to reproductive expres- 
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sion. Thus it would s(M‘m tluit this alt(U‘iiation and cycle tend toward 
an inttuisification of the long-day influence. 

In cabinets 3, 4, and 5, with light periods of 4/2, h, and lYi hours, 
r(»spectively, in an 18-hour cych*. corresponding to short days of 6, 8, 
and 10 hours in the. 24-hour cycle of natural day, flowering was induced 
as it is when Ptdeing soybean experiences corresponding lengths of 
day in th(»se same ratios in tlu^ longer natural cycle. 

When th(‘se ratios w(*r(‘ nwtused, as in cabinets (>, 7, and 8, so that 
th(‘ light ptTiods were 1()!l>, 12, and 13^2 hours, corresponding to 14, 
If), and 18 hours of the natural 24-hour cycle, flowering was inhibited 
for the. entire course* of the* exp(*riment. Th(‘S(‘ plants consistently 
increased in height, dry weight, and size of leaf, as the proportion of 
light was incr(*ased. 

It is int(‘resting to note* that the* le*ave‘S grew ve*ry thick anel he*avy 
in the twe) cabine‘ts (1 anel 2) that re*ceMve*el e*cpial ratie)s of light and 
elarkne'ss, i. e*., 12-hour anel 9-hour alt e*rnal ions re*spe*e‘tive4y, anel that 



l*'i(.i HK 1. Pe*kiii)>; s()\ bean \Soja max) grown uinU'r artificial light, w’ltli \ari()us 
ratios of liglit and darkness in cycle's of IH and 24 hour.s. Se'od sown February 
19, 1935; te\sts be*gun February 23, at ge*rinination Plants photographed April 
23, wlien te'sfs ended. Numbers on pots e*orre.‘<j>ond to eie*signations of test 
cabinets. 

1, 12 hours light . 12 hours dark. Hud.s March 13, flowen'd Mare*h 18 at 11 inche's. 

2, 9 hours light, 9 hours dark. Buds Marcli 18.flower(*d March 22 at 17 inches 

3, 4’/ hours light; 13’.* hours elark. Buds March 12; tlowere'd March 19 at 9 
inclu's. 

4, () hours light . 12 liours dark. Buds Marcli 12, flowered March 19 at 7 ine;he‘s. 

5, 7’- hours liglit , j hours eiark. Buds March 12. flowered March 15 at 8 
inclu's 

(>, 10’ / hours light ; 7’- hours dark. Neser buddeel. height wdien pholograph(‘d, 
72 inclu's. 

7, 12 hours light; 9 hours dark. Never budde*ei, height w hen photograplu'd, 77 
inclu's. 

8, 13 ’ 2 hours light; 4 ’ 2 hours dark. Never budde‘d. height when photograjihed, 
85 inclu's. 

flic feiliage* elcve*lop(*el the same* ele*gre»e* of gn‘cnne*ss. In cabini*ts 3, 4, 
anel 5, re*coi\ing ine*re‘asing proportions of liglit, namely 4^2, 6, anel 
hours, n'spe*e‘live*ly, the h'ave's ile*vt'lopcd ine'roasingl}" elarker 
gre*e*nne*ss and the elimemsions of tlie* leave's wt*re like*wise augme*nte*e]. 
With respect to the* nutrition of the plants and the* proeluctie)n of 
dry matter, it is obvie)Us that increase in the hours of light, rc'garelless 
e)f*the ratio of light to darkne*ss, re'siilted in improveel growtli. Tlie^ 
time of flowe*ring, on the either hand, was metre* afl’ee'teel by the* ratie) 
e)f light to darkiu'ss and the length of the e*ycle (fig. 1). 



Table 1. — Flowering dates, heights, green and dry weights, and other data for Peking soybean grown in an 18-hour cycle 


308 


Jourml of Agricidtural Research 


Vol.63, No 6 


2 f 

i 2 

^ a S cl 

— Sg® 

.^2 35®^-=-* 

-c 

«3 c S S 
ex)- > 2Si{ X 
i c e 2 ^ S 2« 

C flB - ® u,°* a 


i§c 


*>“.« « u © fc e e 
e *- o > Sf o ca fctt 

a O Q 


ry S *” 

s O " s c 
e® 2*-^ 

jd^ cot:, 

X 


0 .S^ 

1 §5 

be .xi\s. 

^.2*" o 
*■5 § ^ 

w3 « S a 


*; 5 aa c 

3 0^3 
&-CTf£ 
Xi « «J 

■ a 


c. 


© S': 
2 © 0 


S C — 

5 2 

tn a 


I r 


*-2: 
£ ® 
ft, 5 


aS 

A o 
W'c 

J §, 

6 

X 

© 

e 


I 

I ^ 

I ^ 

Inches 

3 2 


! ^ 

; w, 

I © 

I J 

«C ,r> 
'4^ «r 

© ic 

e 

uc 

i 3 ^ 

I X 

1 

ol 

Green 

i 

1 Sjc 

1 

fi 

« 

i ib 

! <!X 

{ 

it 

1 


Green 

»J (JVI 

2 ^ 

X. 

p 

i 

«c ^ 

OfO 

z 

1 

is 

X 

s 

test 

c 

t - 

CO 


~zz 


2 1 

i 

c 


i 

30 

S{ 

1 


J= 

1 

?5 


1 

:3 

y 



u 

08 

< 


[;2 

O 


S2 

§ 

OS 


tc ir 

'•c I- r 


cr o J& 

a g 


■c CO 


I £ 


08 

I b f 

I -2 g ^ 

I 5-S 3 

“* 4* c 

I 

I ill 

1 ‘i=x; 

i ©"5 

I -c SUL cn 

i -NJ c 
^ 'C 

i 


J£ ^ © »- 

' « Jr o 

I . a<i y 


I-' C4 


o c CO 


iix; 2 

! i!| 

, 

■ 

© J © 

§ c ^ 

-' -I® 

i ail 

1 1^= 
i =§-= 

rZ^ 


! 2 c 


-' 12? 
I 04 5 ^ 


<g^ 

x! 2x: 

iisr 

i§| 

lii 


B-C- 

sif 

c ® © 

lli 

■w © os 

08 >x: 

. 08 

2^ c 

. 3 ^ 

25-®- 
• ^ 
•£§£ 

§>.S 

CJbS d 

!i-L 

^ © d © 

- „ - 
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If iho (iffools of equal alternations of light and darkness in a 24- 
liour cycle an^ compared with those in a SO-hour cycle (table 2), it 
will b(‘ noted that altcMiiations of 18 hours of light and darkness in- 
hibited flowering for the duration of the experiment. The'Sf* plants 
continued to gi*ow, n^aching a height of 51 inclu'S as compared with 
19 inches for the plants l eceiving the 12-hour alternations, and were* 
not as dark gi*een as tin* latter. Tin* dry w(‘ight of tops and roots of 
th(' plants in cabiiud 4 sonnnvhat excc'eded the dry weight of those in 
cabinet 8. 

In cabinets 1 , 2, and 8, where light intervals were 9, 12, and 1 5 hours, 
r('sp(M*tively, in the ratios to darkness of 1:3, 1:2 and 1:1.4, corn^- 
sponding to short days of (i, 8, and 10 hours on th(‘ basis of the natural 
24-hour cy(*le, all the plants flowered, but with increasing d(4ay as 
compared with the control plants n'cc'iving 12-hour alternations of 
light and darkiu^ss. With an increase in the ratio of light to darknc'ss 
from 1:2 to 1:1.4 (cabinets 2 and 3), the period from germination 
to flowering incn^asc'd from 34 to 56 days. This was attended by a 
mark('d increase in lu'ight, diy W(‘ight of plants, and size of leaves. 
This finding is of considerable interest, since these light durations 
corres])ond to very short days for the natural 24-hour cycle, i. (\, days 
of 8 and 10 hours, both of which in this cycle cause earliest flowering 
in the Peking soybean and many otlnu* short-day plants. It would 
appear that w'itli 15 hours of light in the* 36-hour cych^ tin* ])lanls 
t(*nd toward vegetative' expression with retardation of tlowc'ring and 
consequt'ut increase* in the* pure'ly vegetative functions. 

With the increase in the* eluration of the* light intervals in the e‘ycle* 
of 36 hours, nam(*ly, 9, 12, 15, and 18 hours, re'sp(*ctive*ly (cabine*ts 
1 to 4), in ratios of 1:3, 1:2, 1:1.4, and 1:1, the*re* was a graelual 
intensifying of the leaf green. 

The* plants in cabinets 5, 6, and 7 b(*came* more stocky anel a darke*!' 
green with incre*ase* in light intervals (21 , 24, and 27 hours) ii] the same* 
cyede* of 36 hours, the int(*rvals of light be*ing longe*r than the)S(' of 
elarkne'ss and corre*sponding respe'ctively to day lengths of 14, 16, anel 
18 hours in the 24-hour cycle. This is a natural ce)nse*que'ne*e of 
better nutrition afl'e)rde*d by the increase*el amounts of light in the* 
cycle*. 

As in table 1, the* data in table 2, defiling with a single cycle of 36 
hours, indie’iate*. that with increase in the hours of light the*re* usually 
was an increase in dry matter produced, but as in the* pre*vious te'st, the* 
time of flowering was more affected by the ratio of light to elarkne*ss 
2 ). 

The^ data pre'senteel in table 3 show certain inte*re*sting re*lations. 
In cabinets 1, 6, and 8, each e'xperiencing e'(|ual alte'rnations of light 
and darkne'ss but involving cycles of 28 hours, 14 hours, and the* 
natural cycle of 24 hours, respe'ctively, alternations of 7 hours of light 
and darkne*ss failed to cause flowe'ring, alternations of 14 hours 
caused flowe'ring in 33 days, anel alte'rnations of 12 hours caused 
flowering in 20 days. 

At the close of the' experime'iit the plants experie'ncing 14-hour 
alternations of light and elarkness had reached a height of 50 inclu's; 
those experiencing 7-hour and 12-hour alternations had reaclu'd a 
height of 70 ine'hes anel 21 inedies respectively. Of these three alterna- 
tions, the 12-hour alte*rnation produce'd the greatest amount of dry 
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matter; tlic 14-lioiii' altcniiition, somewhat h'ss; and tin' 7-hour 
alternation, still less. 

A ])eeuliar fiaiture of tlu' development of meenni'ss of the- folia-ge 
was .shown in response to the 14-hour alternation. At first the plants 
wen* decidedly yellowish p-een, hut this was overeonK* fjradually 
until finally the ])lants became dark green, ap|)ari‘ntly owing to some 
ri'adjustment of the chlorophyll mechanism to the.s<> light periods, a 
behavior at pn>.sent not understood. With the 12-hour altc'rnation, 
the foliagi' developed a normal dark greenness from the outs(>t, while 
the 7-hour alternation produced at all times a lightiu- green. 

It would appear that the plants grown under the 7-hour alternation 
tc'iuhal rathc'r strongly toward vc'getative developimuit, with sup- 
pri'ssion of lloweriug and fruiting. There was a marked increase in 



Fkithe 2. Pckinj^ {Soja max) grown under artificial light, w’lth various 

ratios of light and flarkncss, in (*\rlcs of 24 and .'hi hours. S(‘cd .sowui December 

11, 1934, tests Ix'gun J^eceiiiber 18, at germination. Plants photographed 

February IS, 1935, wImmi tests ended Xurnberb on jrots corr(\spond to desig- 
nations of test cabinets. 

1, 9 hours light; 27 hours dark. Puds .lamiary 15; llowered January 18 at 
9 inches. 

2, 12 hour's light, 24 hours dark. Buds January 18; flowered Januaiw 21 at 
1 1 inches. 

3, 15 hour’s light; 21 hours dai'k. Budh Februaiw S; llow'er'ixl Februar\ 12 at 
29 inches. 

4, 18 hours light; 18 hours dark. Never budded. Height w hen photographed, 
51 inches. 

5, 21 hour's light; 15 hours dark. Never budded. Height when photographed, 
48 inches. 

9, 24 hours light; 12 hours dai'k. Never budded. Height wlien pliotograjihed, 
92 inches. 

7, 27 hours light; 9 hours dark. Never budded. Height w'hen photographed, 
72 inches. 

8, 12 hours liglit ; 12 hours dark. Buds January 8: flowered January 10 at 
IIF 2 inches. 


h(*in;ht l)y continiiaiiro of j^mwlh although the dimoiisions of the 
Ioav(‘S showed only slig:ht differenees. 

As in the previous tests, there was an inereas(‘ in dry inatU'r as the 
hours of light in the 28--hoiir cycle increased from 7 to 9%, 1 1 14, 

and 21 liours respoctivcdy , but time of flowering, was more affr'cted by 
the partieular ratios of li^ht and darkness and also by the length of 
the cycle (fig. 3). 



Table 3. — Flowering dates, heights, green and dry weights, and other data for Peking soybean grown in cycles of I4, 24, and 28 hours * 
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By roforririK lo tin* o(jual ratios of li^ht aiui darkness in table 4, 
showing all(‘rnations of S hours, 1() hours, and 12 hours in cycles of 1(1, 
32, and tin* natural day of 24 hours respectively, it will ht‘ s(M‘n that 
only the plants na^eiving 12-hour intervals of light flowered. 

Th(‘ alt('rnations of 8 and !(> houi*s, on eitluT sid(‘ of tli(‘ 12-hour 
alt(‘rnations, induced a purely vegetative expression, th(‘ taller plants 
being produc(‘d hv the S-hour alternation. With respect to dry 
inat(‘rial produc(*d, th(‘r(‘ was little dilfer(*nce, and tin* loliage colora- 
tion (‘xhibited about the same shade of greenm^ss, which was lighter 
than in the 12-hour plants. 

In cahiiK'ts 2, 3, and 4, r(‘ceiving 8, 1 and 13,^^ hours of 
light in ndation to darkiu'ss in the ratios of 1:3, 1 :2, and 1:1.4. 



Fkiukk 3. Peking .soybean {Soja max) grown under arlifieial light, with various 
ratio.s of liglit and darkness, in eyeles of 14, 24, and 2S hours. Seed sown 
.)anuar\ 4, 193(), tests begun .lanuar> 8, at gennination. Plants photographed 
Mareh 10, ^^hen tests (*nd(*d XuiuIuts on pots ('orrespond to di‘signations of 
t<*st cabinets, 

1, 14 hours light. 14 hours dark Puds February S, flowereil February 10 at 
25 inches. Height when photographed, 50 inches. 

2, 7 hours light, 21 hours dark. Puds Januar\ 28, flowered February 4 at 8 
inclies. Height when photogratihed, 14 inches 

3, O’a hours light, IS^, liours dark. Puds January 28; tlowen‘d February 3 at 

10 Indies. Height when photographed, KFl* inches. 

4, 11’3 hours light, lObi hours dark. Puds Januar\ 28, flowered February 3 at 

11 inches. Height when photographed, 23 inches. 

5, lObi hours light ; 1 1'-Jj liours dark. X'e\er budded. Hcnght whim jihotographed, 
51 inches. 

(), 7 hours light; 7 hours dark. Never budded Height wlien photographed, 
70 inclu^. 

7, 21 hours light, 7 hours dark. Never budded. Height when jihotographed, 
75 inches 

8, 12 hours light; 12 hours dark. Puds Januarv 24; flowered January 28 at 9 
inches. Height when photogra])hed, 21 inches. 


rcsp(‘ctiv(4y, in the liglit-darkncss cycle of 32 hours, all the plants 
flowered, hut the flowering was delayed as tht' ratio of light to darkness 
increased or approached equality. This delay in flowt'ring was ac- 
companied by a consistent increase in height, in th(' amount of dry 



Table 4. — Flowering dates, heights, green and dry weights, and other data for Peking soybean grown in cycles of 16 and 32 hours * 
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luaterial prodiuuul, and in tlu' sizt* of l(»afl(‘ts. Th(*r(* was naturallv 
anincroasoin tln^ ^nM^nnpss of Uip folia^o with incroaso in tho amonnt 
of ligiit. J^lanis in (‘al)in(‘l 2, m*(‘ivinj^ only 8 hours of li^lit in th(‘ 
cycle of 82 hours, w(*rc tJu^ f)ah‘st p*e(ui and the most etiolated in th(‘ 
s(*ri(‘s. Such Ixdiavior is normal, since in the natural cycle of 24 hours 
this corresponds to only 0 hours of lij^ht (^ach day, an interval of 
illumination that fails to ^ive vij 2 :orous plants. 

With V^)i hours of li^dit and hours of darkness, ilui ratio 
beinj>: 1 : 1.4, corresponding to a 10-hoiir day of th(‘ natural 24-hour 
cycle, flow(‘rinji: was consid(‘ral)ly delay(‘d.‘ This delay in llowtu'ing: 
sn^f:;(‘sts a tnaui toward purt'ly v(‘^('tative expn^ssion, a trend which is 



Fkii^rk 4.- Pi'kiii^ .soybeuii {Soja max) grow/i und(‘r artificial light, ^vltll \arious 
ratios of light and (larlvue^^, in cycles of It), 24, and 82 hours. Seed sown 
March 20 , 198t), tests begun March 24, at genninatioi . Plants lihotographed 
May 11 , when test s ended. Xuinb(*rs on jiots corresjximl to d(“'lgnatlon^ of 
lest cabinets. 

1 , It) hours hglit , It) hours dark Ne\er budded. Height w hen iiliotograohed, 
to inches 

2, S hours light , 24 hour^ dark. Huds A])ril 20. flowen*d A])nl 28 at 9 inches. 

8 , lO^a hours light; 21}j hours dark. Buds Ajiril 20; flow (‘red Ajiril 27 at 

17 inclu^'", 

4, 18b{ hour'' light. IS 73 hours dark. Buds May 2; flowered May 8 at 80 
inches 

0, S hours light, S hours dark. Never biukh'd. Height wIkmi pholograjihed, 
50 inclu’s 

7, 24 hours light; S hours dark. Xevc'r budded Height wdieu ])hotogra])hed, 
50 inches. 

8 , 12 hours ligiit; 12 hours dark. Buds Ajiril 9, flowered .'\pnl 18 at 10 inches. 


further indicattxl by tlu' f 2 :reat increase in h(‘ijrht and amount of dry 
material produced. 

Ther(» was no (lowering in cabinet 7, wliert' tlndi^ht inttuwal excec'ded 
that of darkness in th(» ratio of 8:1, namely, 24 hours of li^ht to 
8 hours of darkness. This corresponds to an 18-hour day in th(' 
natural 24-hour cycle. With tliis increase* in lijrht, the largest yi(‘ld of 
dry matter in the* series was produc(*d and the foliagt* developed a 
dark-gr(*en (*4)lor. 

As in all the previous tests with the Pt*king soybean, increase in the 
hours of light r(*sulted in increased dry W(*ight for the cycle of 82 hours. 
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Time of flowc'ring was modified more by tlie ratio of light to darkness 
than by the length of th(‘ cycle itself (fig. 4). 

HARD FEDERATION SPRING WHEAT 

Table 5 shows the r(»spons(*s of the Hard F'ederation varitdy of spring 
wheat to tlu» various light periods in cych's of 16 and 32 hours, as 
compared with the natural cycle of 24 hours. Referring to the equal 
altcTiiations of 16, 8, and 12 hours of light and darkness in cabimds 
1, 6, and 8, rt»sp(*c lively, it will be seen that, although flowering was 
induced in all, th(‘ 8-hour alternations in the 16-hour cych* iruliKU'd 
('arliest flowering. Dry w('ights of the plants wcu-c* not obtained, but 
th(‘ gn'en weights w(‘re v(u*y different, th(‘ 16-hour alternations of tlu' 
32-hour cycle and the 12-hour alternations of the natural 24-hour 
cycle producing approximately the same gre(‘n weight of material, 
both greatly in (‘X(‘ess of that produced under tin' 8-hour alternations 
of th(‘ 16-h()ur cycle. These are diffen'iicc's of genuine significance, tlu' 
cause' of which is not as yet understood. 

It is interesting to note' that only two conditions in the 32-hour 
(*ycle failed to induce flowe'ring in this wlu'at, namely, 8 hours of light 
and 24 hours of darkness, corresponding to a ve'py short day of 6 hours 
of light in the natural 24-hour cycle, and 10?^ hours of liglit and 2^3 
hours of darkness, corresponding to 8 hours of light aiul H> hours of 
darkness in the 24-hour cycle', alse) a re'lative'ly short day in this 
natural eyede'. 

Whe're the ratio was increase'd to 13)3 he)urs e)f light anel ]H% henirs 
of darkne'ss, e‘e)rr('spe)nding to 10 hours of daylight in the' natural eych' 
of 24 he)urs, flowe'ring was inelue*e'el in e)i\e plant e)nly, which proeluce'el 
a single he'ael. This, th(*n, may also be re'garele'd as a she)rt elay un- 
favorable' to flowe'ring. 

Flf)wering was ineluce'd readily whe'ii the* perioel of light e'XeM'e'eh'el 
the' period e)f darkne'SS in a 32-hour e*ye*le', as in cabine't T), which 
re'ceive'd bSJ's hours of light anel 13)3 hours e)f darkne'ss, ce)rre'S[)e)neling 
to a 14-he)ur day in the' natural cyede of 24 hours, and in cabinet 7, 
which rece'iveel 24 he)urs of light and 8 hours of elarkne'ss, e’orre'sponeling 
to an 18-hour day in the natural 24-hour cycle. The gre'en weight of 
plants was mue*h gre'ater in cabinet 5 than in cabinet 7, he>we‘ve'r. 

A very striking feature' e>f the be'havior e)f the' plants in cabine't 7, 
with the light -elarkne'ss ratio 3 : 1, corre'sponeling to a high-la tit ueh' 
k'ligth e)f elay in the natural 24-hour e*ye*Ie, was the' very early flowering, 
rapiel growtli, anel epiick maturity of the plants (fig. 5). 



Table 5. — Dates of heading and anthesis, gran nuight^ and relahd data for spring nduot. Hard Federation variety, grown in cycles of 16 and 

hours ‘ 
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KUDBECKIA BICOLOR 

With rosp(‘ci to the (lata pros(mt(^cl in table 6, it may be stated that 
Rvdheckia bicolor was selt'cted as a long-day type of plant. While it 
is true that this species flowers more readily wlnm afforded relatively 
long days in the natural cycle of 24 hours, the plants showed con- 
siderable variability in their behavior, p(»rhaps owing to the fact that 
s(d(^ction for this charact(‘r has not been rigidly followed and the 
species genetically may b(‘ rather impun^ with ivsp(H*t to hmgth-of-day 
responses. Howeviu', the results with this plant have been striking 
and V(*iy interesting. Although the plants of each cabinet n^ceived the 
same total duration of light for the (wpcTiment, the various alternations 
showed wid(4y diffeu-ent (*ffects, more ('specially with n'spect to char- 



FiorRE 1). — 8j)niiK wheat {Triticum ac<ttvutn'^, Hard Federation varl(‘(y, f^rown 

under artificial light, with various ratios of light and darkness, in cycles of Id, 

24, and 32 hours. Heed sov^ii December 8, 1930; tests begun December II, at 

germination. Plants pilot ographed February 24, 1937 Tests ended February 

27), iS’umbers on pots correspond to designations of tivst cabinets. 

1, 10 hours light; 10 hours dark. Heading February 5; iiollen appearing F(4)ru- 
ary 9 at 40 inches. 

2, 8 hours light; 21 hours dark. No heading when lest (*nded 

3, 10^3 hours light; 21)4 hours dark. No hemling wMieii test ended. 

4, W/A hours light; 18% hours dark. Heading February 23; pollen a])])earing 
February 25 at 34 inches. 

5, 18% hours light; 13% hours dark. Heading January 25; iiollen ai)])i'aring 
January 29 at 43 inches. 

0, 8 hours light; 8 hours dark. Heading January 25; pollen apjiearing January 
27 at 34 inches. 

7, 24 hours light; 8 liours dark. Heading January 8; i)ollen ai)])caring January 
13 at 31 inches. 

8, 12 hours light; 12 hours dark. Heading February 1; jmllen a])i)earing 
February 3 at 30 inch<*s. 

acter of growth, sicuri elongation, floriferoiis Ic'iuhuicit's, and size of 
heads. 

The plants experiencing light and darkness in 12-hour alternations, 
a relatively short day for the natural 24-h()ur cycle, had produced veiy 
little stem growili with no flowers when the exp(‘rim(9it was t(‘rmi- 
nated. Tliis behavior is normal for this plant, but there is rtuison to 
believe that flowering ultimately would have occurred, though after 
great delay. 
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Table 6. — Data on flowering and growth of Rudbeckia bicolor plants grown under 
equal alternations of light and darkness^ in 8 cycles ranging from 10 to 36 hours ^ 


Cabinet 

No. 

Lfmgth 

of 

cycle 

Light 

rKTlod 

Dark 

IMTlOfl 

Heading 

First 

oiH*n 

flowers 

Height 

41. 

flower- 
ing 1 

1 

JJOUTX 

10 

llmiTH 

5 

Hours 

5 

Mar 20 

Apr 6 

Inches 

2f> 

2 

1ft 

8 

S 

Mar 23 

Apr 14 

21 

3 

24 

12 

12 

None 

Norn* 

12 

4 

2(» 

13 

13 

j Mar. 2ft 

Apr 28 

1 

I H 

5 

2S 

14 

I 

1 Ajir S 

1 

! Miiv 3 

14 

f. 

30 

1 1- 

! 

15 

1 Apr 3 

■ .Apr 30 

' 12 ' 

1 

7 

1 

1 32 

i ift 

! 

i 1(> 

1 

* Ai>r s 

1 

1 Muv 3 

IK i 

1 j 

s 

i .. 

IK 

' IS 

Mar 20 

! \pr 27 

17 


N()t«*s on flown ing and growth 


riant s vorj florifcTous, heads very 
larK<*, the larKi'st inches in diameter 
All plants produced stems and 
flowered: stems much more slender 
than in 2 and much less branched 
T’lants very flonferous, flowers Kcner- 
ally much larger than in I, ranging 
from H to 4 inchi's in diamet(‘r, stems 
and l(‘Hves larg<*r, coarsiT, and in- 
volucral bracts larger All plants 
produced sti'ins and flowered. 

Very little stem development Only 

2 plants produced stems, the rest 
remained rosettc’S 

Stocky plants, only 2 flowering; largest 
head 'i 75 inches in diameter All 
plants prodiic^'d stems 
Very vigorous growth; few flowers, 
largest head ^ 75 inches in diameter 
All plants prodiiC(‘d stems 
Very stocky plants, but few heads, 
largest head 3 75 inches in diaimder 

3 plants prodinvd stems, the rest 
remaining rosettes 

Very vigorous, leafv plants, sparse 
flowering l^argest head. 3 inch(‘S in 
diameter. Only 2 plants firodiieed 
sterns, the rest remaining rosettes 
Klovvenng s^iarse. largest head, 4 
inches in (liameler 1 plants with 
stems, th«‘rest remaining r(»settes 


‘ Seed sown Jan H, ltU7, germination Jan 22. plants remained in warm greenhouse* until tests began Mar 
2. being then only small rosettes, H jilants in each iM»t. spaml 2 inches from the iM'ni»her\ K\iH>nnient 
dise'ontiniied Apr 30 

niuits rocoivin^ tlio fi-hour luid the 8-lioiir altonuitions flowered 
most ([uiekly and most uniformly, siTK‘(‘ all produc(‘d shuns and heads. 
Both alternations produethl wry floriferous plants and veiy large- 
luuids. Then* was a striking difference in these two lots of plains, 
how(*ver, those receiving: the o-hour alternations producing much 
sh'iulerer and less hranclu*d stems than those* rec(‘iving the 8-hour 
alternations. The stems of the latt(*r were much lar^u*r and bore 
l)i^^(*r and coai>5(*r l(*av(*s. Larjrer Hower heads were also produced, 
having (*xceptionally big, (*oarse involucral bracts. In tin* case of 
these two eipial alt(*rnations involving cycl(*s much shorter than the 
natural 24-hour cych*, it was evident that plants receiving the 8-liour 
alternation had much greater vegetative vigor as W(*ll as greater 
re])roductive vigor than those receiving the r)-hour alt(*rnatioii. 

l^lants rec(*iving ecjual alternations in <\\cess of tin* 12-hour alt(*rna- 
tion in caf)in(‘t 11, namely 13-, 14-, 15-, lO-, and 18-hour alternations, 
showf'd a striking teiKhmcy toward delayc'd stem giowth and florif(*r- 
ous expression, growing V(*ry stocky, develojiing a dark-green color, 
and producing few but large heads. Many of the plants showed no 
stem elongation or only slight (*Iongation at the dost* of tin* expf'riiiK'nt . 

Th<‘ most striking feature of this tt*st was the fact that the growth 
behavior of the plants was greath?^ modifu'd by certain alt(*rnations of 
light, and darkness (fig. 0). 
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ZINNIA ANGIJSTIFOLIA 

Talile 7 shows data on the behavior of Zinnia angustifolia, a typical 
indeterminate' type' of plant, in tests involving: equal ratios of light and 
elarkne'ss e)f 1, 2, 12, 24, 80, and 80 hours, respe'ctively, and con- 
tinuous illumination. The largest, darkt'st gree'n, and earliest fleiwer- 
ing plants were' produceel with continuous illumination, the plants 
flowe'ring nearly 2 weeks e'arlie'r than where very short alternations of 
light and elarkness {V* hour) were used (fig. 7). 

Theu*e‘ was a Iremd toward incivase' in dry mate'rial as the e'qual 
alte'rnations were ine're'ase'd in length in cal)inels 1 to 4, ine'lusive', 
inve)lving Vr, 1-, 2- anel r2-he)ur alte'rnations re'spee-tive'ly, but the 
weights we're far be'low that produce'd by e*ontinuous illuminatie)n. 



Ficijkk 0, - Rinlbeckia biador grown imfler arlifieMtil light, with eiiual raluis of 
light and darkness, in cycles of 10, 10, 24, 26, 28, 30, 32, and 30 hours. Seed 
sown January 8, 1037; germination January 22, tests bi'gun March 2. Plants 
photograplmd April 30, when tests ended. Numbers on jiots coriTspond to 
designations of test cabiiuds. 

1, 5 liours light; 5 hours dark. Heading Marcli 20, florets optui April 0 at 

20 inches. 

2, 8 heiiirs light; 8 hours dark. Heading March 23; florets open April 14 at 

21 inches. 

3, 12 hours light; 12 hours dark. No heading; stems just develo])ing A])ril 30, 
at end of test. 

4, 13 hours light; 13 hours dark. Hc'ading March 20; floreds open April 28 
at 14 inches. 

5, 14 hours light; 11 hours dark. Heading April 8; florets open May 3 at 14 
incht‘s, after end of test. 

0, 15 hours light; 15 hours dark. Heading April 3; florets open April 30 at 12 
inches. 

7, 16 hours light; 10 hours dark. Heading April 8; florets open May 3 at 
18 inches, after end of test. 

8, 18 hours light; 18 hours dark. Heading March 29; florets oi)en Ai)ril 27 
at 17 inches. 

With liiglicr alH'nuitioiis, iiamc'ly, 24, 80, and 80 hours, tlu'H' was 
a tciKh'iicy toward mliKdion in the dry matter produced. Alter- 
uatioiis of 80 hours produced the srnalh'st plants in tlu' (‘xpc'riment, 
but with respi'ct to grt't'mu'ss thi'se were fairly dark, Ix'ing scarcely 
lighter than tlu' plants grown in cabinet 7 and vc'r^y much darker 
than th(‘ light-grc'c'u plants grown with } 2 -hour alternations (cabinet 1). 

Strangely enough, plants r('(*oiving 24-hour alternations were lU'arly 
as ycllowisli green as the plants in cabinet 1 , and the long(‘r alterna- 
tions (80 hours) produced much darker gn'eii plants. 

The plants in cabinets la to 8a, inelusivi', considering first the ('qiial 
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altmialions, sliowtal u l)(‘hiivior similar to that of j)lauts io the pn^- 
(•(alin^!: exp(‘riinent, tlios(‘ n‘<‘civinj>: JUhour alternations of li^rlit 
darkness havin^^ th(‘ li»:ht(‘st ^n»(^n foliage, with a gradual iiit(‘nsifiea- 
tion of color as the light periods increased until continuous illumina- 
tion was rea(‘hed in cahimd oa. Th<‘ last-nam(‘d t(*st gave th(‘ darkest 
green plants in th(‘ (‘xpcu'inuuit and the largest amount of dry mat(Tial. 

In cabinets (ia and 7a, r(*ceiving light and darkness in the ratio of 
8:1, in cycl(‘s of 80 hours and 24 hours respectively, the tiim* of 
flowering and gr(‘(»nness of foliage were appjoximat(‘ly the same, but 
th(» dry matter produc(‘d was somewhat I(‘ss in th(‘ case of th(‘ 80-hour 
(*ycle. With th(‘ light-darkness ratios nwersial to 1:8, as in cabinet 
8a, (a|uivahuit to a. \ ory short day, th(‘ plants wovo so l)adly (diolattal 
that th(*y wcu'e unabh^ to (lowcu* (fig. S). 

Th(* data pr<*s<‘nted in tabh* S show tin* Ixdiavior of Zmnia a/igaxfi- 
folia in n*sponse to (*(|ual alt(‘rnations of light and darkiu'ss in cych‘s 
ranging from 10 to 80 hours. 

Tlu' smallest yi(*lds of dry matt(‘r app(*ar to hav<* b(*(*n produced 
with th(' long(*st alt(‘rnations of light and darknc'ss, nam(*ly, in cabini'ts 



7. Zinnia angnaifolia grown mnier artiticuil light, with ecjual ratios of 
light and liarkness, in cycles ol 1. 2, 4, 24, 48, 00, aiul 72 hours and with con* 
1 muons light. Seed sown January 10, 1939, germination .lanuary 13. Plants 
})hotograi)hed March 1, when tests ended. Xunihers on potvS correspond to 
designations of test cabinets. 

1, Yi hour light; ’j hour dark. Heading Feb»-uary 11; florets open F(*briuiry 
23 at 17 inches 

2, 1 hour light; I hour dark. Heading February 9. florets open February 20 
at 17 inches. 

3, 2 hours light; 2 hours dark Heailing February (>; tioret.s ojien February 20 
at i7^ij inches. 

4, 12 hours light; 12 hours dark. Heading February 2; florets open F(4)ruar\ 
13 at 13 inches. 

T), (imtinuous light. Heading , January 30; flonis op<‘n February 9 at 10 inches. 
<>, 24 hours light; 24 hours dark. Heading F(i>ruary 10; florets open February 
23 at IT) inches. 

7, 30 hours light; 30 hours dark. Heading February 6; florets open Februar}’ 
25 at 10 inches. 

5, 30 hours light; 30 hours dark. Heading Februar\ 11 ; florets open February 
27 at 14 inches. 

7 and 8, with alternations of 16 ami 18 hours, n'spc'ctivcly. Alterna- 
tions of f) lioiirs of light and darkness in the short cycle of 10 hours 
prodiK'ed but little more dry material. Tln^ intermediati' cycles 
produced somewhat highiu* weights of dry material, but did not 
show particularly wide variations among tlnunselves. 

The dates of flownu-ing in all instances w'lU’e remarkably close (fig. 9). 

4144.50-41— 2 



Table 7. — Data on flowering^ growth, green and dry weights^ and related data for Zinnia angustifolia (Z. mexicana Hort,) in response to equal 

and unequal ratios of light and darkness ^ 
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V'touRK h. -ZiHnm angustijolin grown uiulor arlificial liglit, witli various ratios 
of liglit. and darkness, in cycles of 1,2,-!, 24, and 3fi hours, and with continuous 
light. Seed sown February 1, 193S; te.sls begun February 4, at germination. 
Plants photograjihed Marcli 9, wlien tests ended. Xuinbers on pots correspond 
to dosij'uatioiiri of tost oaluiiots 


1, k* hour \'i hour dark. Heads appoariiift March 2; florets never opened: 

heij^ht, 33{* inches when photographed. 

2, 1 hour liglit; 1 hour dark Heads a])pearjng February 28; florets never 
o])ened; height, 4 inches when ])hotographed. 

3, 2 hours light: 2 liours dark Heads apiiearing Fehruary 25 at 4^ inches 

4, 12 hours liglit; 12 hours dark. Heads ap])eanng February 24 at 5 inches 

5, continuous light. Heads a])i)earing February 21 at 5 inches 

h, 27 hours light; h hours dark. Heads a])pearing February 23 at 5 inches 

7, 18 hours light; G hours dark. Heads a])i)earing February 23 at 5 inclics 

8, G flours light; IS hours dark. Never headed; sickly, nearly di(*d‘ height 
3‘'j inch(‘s when ])hotogra])h(‘(l. 



FioritE 9.- Xnnna anguslifolia gro\Mi under artificial light, with e(pial ratios of 
light and ilarkness, in c\cles of 10, IG, 24, 2G, 28, 30, 32, and 3G liours. Seed 
sown December (i, 1937; tests begun December 10, at germination. Plants 
])hotogra])hefl .lanuarv 24. when tests ended. Numbers on pots correspond 
to designations of lest cabiiuMs. 

1, 5 hours light; 5 hours dark Heading Dectunber 31; florets ojien January 
15 at 17 inches. 

2, S hours light; 8 hours dark. Heatling December 29; florets open January 

13 at 17 inches 

3, 12 hours light; 12 hours dark. Heading December 29: florets ojicn January 
1 1 at 18 inches. 

4, 13 hours light; 13 hours dark. Heading December 31; florets ojien January 

14 at 17 inches. 

5, 14 hours light; 14 hours dark. Heading December 31; florets open January 

11 at 14}2 inches. 

G, 15 hours light; 15 hours dark. Heading December 29; florets o])en January 

12 at 15 inches. 

7, IG hours light.; IG hours dark. Heading Deciunber 31; florets o])en January 

13 at IG incfies. 

8, 18 hours ligld; 18 hours dark. Heading December 31; florets ojien January 

15 at 14 inches. 


Table 8. Data on flowering ^ growth^ green and dry weights y and related data for Zinnia angnstifolia (Z. mexicana Hort,) in response to equal 

ratios of light and darkness in cycles ranging from 10 to 36 hours ^ 
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DILL 

Th(' (lata pr(^s(aU(‘(l in tabh' 9 show tlu' Ix'havior of dill, which is a 
plant, of long-day habit, as is (‘Jearly indicaUal whores the plants have 
been given a relatively short day of 12 hours in the natural (*yole of 
24 hours (cabirnd 4). It will be seen that these plants wcue consuhu- 
ably delayed in time of flowering, and the character of growth was 
in(*lined toward a condition of vegetativen(‘ss with r(‘St)ect to total 
dry matter prodined, density of foliage, and low-branching liabit. 

C^mtinuous light appj‘(‘ciably liasteii(‘d flowering, which was fol- 
lowed by rapid maturity. The plants w(U‘e relatively slender but v(‘ry 
productive of s(xxl, indicating a condition favorable to high sexual 
(‘xpn^ssion rather than to pur(‘ly v(‘g(»tative growth. 

The plants grown in cabinet 1, with ^o-hour alternations of light and 
darkness, in the very short (*vcle of 1 hour, W'er(‘ among the poor(‘st 
in the ex})erim(‘nt with nvspeVl to yi(4d of dry matte^r. Tlu^y were the 
lightest giv(*n of all the phnits in this te^st but were apparently vigorous. 

\Vh(‘n the e*qual alternations of light and elarkne‘ss were ine‘rease*d to 
1 hour and to 2 hours, there* was an increaise* in dry matter producexl, 
together with more* or le*ss ine*re‘ase‘ in benight and an inteaisifiexl degree* 
of gre‘e*nne*ss of tin* ])lants, but the date*s of fl()we*ring W(*re iel(*nti(‘al 
with that in e‘abin(*t 1. 

With the* longe*!* light -anel-elarkne‘ss alternations of 24 and 30 hours 
(cabine*ts 0 and 7), in cvch*s of 4S and (U) hours re‘spe‘ctiv(‘ly, the time 
of tle>we*ring was ele‘laye‘d but the* amount of dry matte*!* was increased, 
as was jilso the* h(‘ight of the plants. Both conditions produc(‘d rather 
sle'nde*r, dark-gr(‘(*n plants, but in the* case of the* 30-hour alte'rnalion 
the*r(* was a inarke*(] incre*MS(* in he*ight of plants and dry matter pro- 
eluce'd. Th(*se re'sults indicate* that conditions in both cabinets (> and 
7 tenele'd to be favorable to \ege*tative* (*xpre*ssion rather than to sexual 
reproduction, the latte*!* conelition being favoi*(*d V(*rv obviously by 
continuous illumination. In oth(*r 's\ords th(*se* plants W(*re* growing 
unele*r conditions more* comparable to those* of jilants r(*ceiving 12-hour 
alternations in the natural-day cycle* of 24 liours than to those of 
[)lants re*ce*i\ing the* short alternations of hour, 1 hour, anil 2 hours, 
in cabinets 1, 2, and 3. 

Alte*rnations of 3h hours of light and darkne'ss (cabinet S) \\(*re* 
\e*rv distinctly unfavorable* to the plants, although th(*se finally 
developed a n(*arly normal gre*cn e*olor. The striking fi*ature‘ of the 
e‘(re*cts of this aUe*rnation on the* ])lants was the extre‘im'ly sickly 
(‘ondition shown persist (*ntly for many weeks after gi'rmination, 
during which period the* jilants made* almost no growth. re*maining 
very ye*llow* and etiolate*d, and a number finally dying. As time* w ent 
on, a ve*ry gradual readjustment of the (*hloro])hyll me*chanism ap- 
pe*are*el to’take place, with gre'cning of the* plants and re*newal of grow th 
until tlu‘y were* a fairly normal gre(*n at tlje conclusion of the (*xpe*ri- 
ini*nt. Strong main stems, e'Ve*n at this time, we*re lacking, and the 
plants w’(*re very short. Only one plant had buelde*d, anel tlowt*ring 
probably w'ould have tak(*n place at some* V(*ry much later elate. 
The plalits at the* conclusion of the experimeait appeared to be direed-ed 
more to the vegetative than to the ivproductive* state (fig. 10). 
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IifaiKK 10. Dill {AnHhum graveolens) ^rowii under artificial li^ld, with cciual 
ratios of light and darknchs, in cycles of 1, 2. 4, 24, 48, 00, and 72 hours, and 
with continuous light. Seed nowui January 5, 11)40; tests begun Januarv 10, 
at g(3rnunation. Plants photographed March 0. Numbers on pots corresiiond 
to designations of test cabinets. 

1, Light ^ hour; dark hour. Bmls February 9; first bloom Fc'bruarv 17 at 
IS inches. 

2, Light 1 hour; dark 1 hour. Huds February 9; first bloom Februarv 17 at 
211 inches. 

l.iglit 2 hours; dark 2 hours. Buds February 9; first bloom February 17 at 
20 inches. 

4, Light 12 hours; dnrk 12 hours Buds March 4; first bloom Marcli 18 at 00 
inches 

Continuous light. Buds F(‘bruar> 1; first bloom Fidiruary 8 at 2o inches. 
0, Light 24 hours; dark 24 hours Buds February 23; first bloom March 11 at 
44 inches. 

7, Light 30 hours; dark 30 hours. Buds Februarv 2t>; first bhiom March 11 at 
4") indies. 

8, Ijght 30 hours; dark 30 hours. Buds March 18; no How (‘ring w hen t(*sts 
ended March 19 


CONCLUSIONS 

From an analysis of tlu' preceding data it is obvious that the same 
ratios of li^ht and darkness affordtul in diffenait cycles, as compared 
with the natural-day cych* of 24 liours, have ^iven vc^ry different 
results in ])lanl Ixdiavior, depending upon tlu' sjx^cies of plant, its 
lenjrth-of-day retjuirenients, and the absolute length of the cycle 
itself. 

In certain tests the production of dry matter, which is a measure 
of ])hotosyn thesis and ^rowdh, increased as the lij^ht interval increased. 
This is clearly shown with the Peking soybean, a short -day plant, 
wdiere diff(»rent ratios of li^ht to darkness w ere employed in the same 
cycle, namely, theratios 1 : 3, 1 : 2, 1 : 1 .4, 1 .4: 1,2 : 1, and 3:1, thusincreas- 
in^the li^ht inttTval. These increasesin the leng:th of the light interval 
gave an acdual increase in the total light received during the course 
of the (experiment, and wdth more total-functioning light tluu’e may 
W(ell be more growth. 

In the case of ecpial aUt'rnations of light and darkness, it is obvious 
that increase in the light int(‘rval does not increase' the total amount 
of light rectrived during the coume of the experimc'nt. Hewever, 
certain t('sts have shown an increase in the dry matter produ(*(3d as 
the light interval wfLs incn'ascnl in cych's involving ecpial alternations 
of light and darkness. This w'ould indicate complex growth relations 
involving the light intc'rval itsedf in relation to the dark interval. 
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since the total light and the total darkness are the sam(^ for the entire 
period of the test . In the* case of Zinnia angustifolia the dry weight 
increased as the equal alternations increased up to 12 hours, as shown 
in the series involving alternations of > 2 , 1, 2, and 12 hours. With 
alt('rnations of light intervals longer than 12 hours, however, i. e., 
in the series 24, 30, and 30 hours, there was a downward trend in 
weight of dry material produced with incre^ase in the length of the 
light intt^rval. These weights fall below thos(* produced wdth alterna- 
tions of 12 hours of light and darkness. 

A similar behavior w as shown by dill, a plant of long-day require- 
ments, the dry weight increasing as the equal alternations increased 
up to 12 hours, in cycles of 1, 2, 4, and 24 hours. As in the case of 
Zinnia angustifolia ^ wdth alternations in excess of 12 hours, that is 
for 24, 30, and 30 Ivours, the wreight of dry material again fell below 
that produced under the r2-hour alternation. The length of tlu' 
cycle in this instance^ must somehow' b(' concern(‘d w'ith growth as 
reflected in dry weights, in contrast to incnais(‘s accompanying in- 
cn'ased durations of light in a constant cych'. 

On a purely photosynthetic basis therc‘ would b(‘ no n‘ason to 
expe(;( a long(T interval of light in a scries of (‘qual alternations of 
light and darkness to produce a greater amount of dry mat(‘riai, other 
conditions being equal, for during the course of an (»xperim(Mit tlu* 
summation of total light remains unclianged, yet the dry wt'ight 
has chang('d as indicated. It W'ould ap]>car in these instances that 
a portion of the dark interval is also somehow* n^gulativt' of or <'V(‘n 
inhibitory to growth and that beyond a ccu’tain buigtb of inttuval 
this effect of th(‘ dark p(‘rio<l dominates the situation, so that less 
dry matter is formed or accumulated after a certain alternation has 
b(HUi exceeded. 

It is interesting to note that while Zinnia angustifolia produced 
by far the gnaitest amount of dry material with continuous illumina- 
tion, this was not true of dill. The latt(*r produced somewhat h^ss 
diy matter with contiiiudus illumination than with 12-hour alterna- 
tions of light and darkii(*ss. 

WTiih' it (‘annot at present be explained why the various ratios of 
light and dai’kiu'ss produce their characteristic eff(H‘ts with resp(‘ct 
to tlow'ering and growth of the plants, one is forced to tlu' concluuon 
that th(* same ratios of light and darkness in diffcuiait cy(‘les may 
give a v(*ry diflerent picture* of plant behavior for each cycle and for 
each species, as to both growth and re'prdduction. It is apparent 
that not only the ratio itse'lf is important but also the absolute cycle 
W'ithin which the ratio is oi)erative for both functions. This is showui 
by the mark(*d differe*nc<*s obtainenl with different- cyclers in time of 
flow^ering, yield of dry material, height of plants, branching, and other 
features of growth and specialization of the plant body. 

It is unquestionably true* also that the fundamental physiology 
of th(^ mechanism of metabolism and giwvtli is sometimes affe(;ted 
adversely soon after germination, and that this effe(*t is followu^d 
sooiuT or later by moj*(' or l(*ss complete readjustment to the unusual 
conditions. This has more than onc(* be(*n shown by a marked etio- 
lation and siekliiu'ss of the plants at the outset, oJi certain equal 
alternations, with a gi’adual recov(Ty and a return to fairly normal 
growth and greenn(‘ss as time w^ent on and more* leafage was ])roduced. 
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Tt would appc'iir that porliaps an increase* in l(*af area is om* of the 
fa(*tors conc(*ni(*(l in this strikinj>j recovery. 

SUMMARY 

A study has l)(‘en made* of the* re*sponse‘s eif senne* plants te) various 
photope*ne)els undeT artificial lij^ht alternating with elarkn(*ss in var- 
ienis ratieis. Cemtinueius illumination also was us(*d. JJ^ht was fur- 
nishe‘d hy wate‘r-jae*keteel anei water-e*e)ole‘el llO-vedt, l.OOO-watt 
incanele‘se*e*nt hulhs e*cjuippe*el with re*fle‘e*tor. One hull) was use*ei in 
(‘ae-h e*al)inet, the* intensity at 1 fe>e)t freim the* plants he^inj? about 
1,200 foote*a.ndle‘s. 

Te‘niperature‘s we*re maintainenl at appre)ximate‘ly 77° K., with a 
re*lativ(* huinielity e)f abeiul 00 pe‘rcenl , in all t(*sts. The* peits reste*d 
em e*e)unte*rf)ois(*<l l)alance‘S, and distille*el wate*r was aelele‘d te) (*oin- 
pe'iisate* loi- wate*r le)ss (‘aeh day. 

The* ratie)s e)f lioht to elarkne‘ss us(*el we*r(*l::k 1:2, 1:1.4, 1:1, 
1.4:1, 2:1, anel :i:l. The* stanelarel aeloj)te*el for e*e)ntre)l was 12 
he)urs e)f li^ht alte'rnatin^^ with 12 he)urs of elarkne*ss, a ratio e)f 1 : 1 
in a ewcle* e)f 24 hours, which is the* natural cye-le* in most latituele*s of 
the* earth. Cvcle*s as sheut as I hour anel as lon^ as 72 he)urs we're* 
use*el. 

The* plants studie*d we*re* Pe*kin^ se)yl)ean {Soja nuu (L.) Piper), 
Zinnia angasiijotia II. B. K,, Harel Fe*ele*ratie)n varie*ty of spring wh(‘at 
[Trificutn aistinnn L.), Rvdhcckia hicolor Nutt., anel elill (Anetlnnn 
gran (dens L.). On the* basis e)f the* natural 24-he)ur e've'le, Pe*king 
se)ybe'an is usually re'gareh'el as a plant whe)se He)W<*ring is favojvel 
by she)rt elays; Zinnia angasfipdia is e)bvie)usly inele*te*rininate, or 
elay-ne*utral, in its fleiwe'ring re*latie)ns to le'iigth of day; spring whe‘at 
anel Radtuckia biador are fave)re*el by long elays with re*spe‘e*t te) flower- 
ing; anel elill is like*wivSe* a long-day type of plant. 

The* e)utstaneling re*sult of the* e*\pe*rime'nts \\ as that in ine)st case's 
the* same* ratieis of light anel darkne*ss elid ne)t give* the* same* be*havior 
lor any ])arlie*ular plant. 

In the* e*as(* e)f Ih'king soybe'an, a short-elay plant, a 1:1 ratio of 
light anel darkne*ss pre)due*eel ivaely fie)we*ring with 12-he)ur alt(*rna- 
tions. With 7- and S-lioiir alternations fle)we*ring was inhibite*el ; 
with 0- anel 14-he)ur altt*rnations fle)we*ring was ele‘laye*ei; anel with 
Hi- anel IS-he)ur alte*rnatie)ns, fleiwering was again inhibite*d. Increase* 
in the* interval e)f light a(re)rtie*el the plants in any givt*n ewe-le* re'sulte^l 
in ine*re*ase*el gre)V\ th anei yie*ld e)f elry ]natte*r. The* time* e)f flowe'ring 
was de*pe*nele‘nt upem be)ih the ratie) of light to elarkne*ss anel the* 
le'iigth e>f the* e*ye*le*. 

The* results se'cureel with Zinnia angustif(dia and elill, subje'e‘le*el te) 
e*e|ual alternations of light anel elarkne*ss in e*ycle*s ranging freim I to 
72 hours, she)W<*el me)re* or le*ss e)bvie)us difft*rence*s in llowe*ring be*havior 
and gre)vvth characte'iistics. In the* case e)f the fe)rme*r, a strictly 
inele*te*rminate* plant, time* e>f flowe'ring was le*ss afrt*e*teel; but the 
charae‘te‘ 1 - e>f gre)wth, the* elry inatte'r proeluce*d, and the gree'niu'ss e>f 
the fediage* were marke*tlly different. Dill, a long-elay plant, slmwed 
marke'el diffe*rence's in time* of flowe'ring as we*ll as in height, dry 
matter produceel, branching habit, anel shaele of gre*e*nne*ss. 

In aeldition. to eejual ratie)s of light anel darkne'ss, une'epial ratios 
werfe also studie'el, ine*lueling 1:8, 1:2, 1:1.4, anel the revt*rse of 
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these, in different cycles. All produced characteristic effects, de- 
pending upon the species of plant, its length-of-day requirements, 
and the absolute huigth of the cycle used. 

The results of tin* work herein reported indicate that increase in 
growth and the produedion of dry matter may be associated with 
increase of the light interval in two contrasting conditions. In the 
one the dry matt.(‘r increased where the total Tight received during 
the course of the ('xperiment was also increased, as in tlu' c'asc* of 
unequal ratios of light and darkness in the same cycle. In the other, 
the dry matter increased where equal ratios of light and darkness 
wt're maintaitK'd in cycles increasing in length, that is, where the total 
amount of light remained the same during the course of tin* experiment. 



INHERITANCE OF SUSCEPTIBILITY TO INFECTION BY 
HELMINTHOSPORIUM MAYDIS RACE 1 IN MAIZE ‘ 

By Arnold J. Ullstrup 

Agent, JHvisKm of Cereal Crops and Diseases, Bureau of Plant Industry, Cnited 
States Department of Agriculture 

INTRODUCTION 

In an (*arli('r papcT * Ilehnhdho.^ponum 'ttiaydi.^ Nisik. and Mk(‘, 
was Imported as occurring ou dent com (Zea iriays L.) in Indiana, 
Illinois, and Ohio. The fnnpis is known to attack susce])ts at all 
stages of d(*y(‘lopnient. Two mor])hologically indistinguishable rac(‘s 
of th(‘ species were r(‘Cognized ou the basis of host sp(‘-cialization, 
symptoms produc(‘d, and relative viriil(‘nc.(‘. It was proposed that 
II. tnaydis rac(' I include the parasite which thus far has been limited 
in its ])arasitism to the oiu* inbnul line Fr . All other inbred lines and 
hybrids, including single cross(»s involving Fr. obsiu-ved in the fudd 
or tested in th(‘ greenhouse proved to be highly n'sistant to this 
rac('. This paper reports the n‘sults obtained in a study of th<^ 
inh(Titanc(* of susceptibility to the disi^asi^ causc'd by II. maydls 
race 1 . 

MATERIALS AND METHODS 


Plants of thr(*(* single cross(‘s involving Fr, nanu'ly, Fr X ////, 
Fr X and Fr X Tr, W(»re grown in the fudd in 19S0, and tludr 

(*ars w(M*e sedfed or backcrossinl with pollen of Fr, the susceptibh* 
pariuit, to obtain F 2 and backcrosscnl S(*ed respi'ctividy. Fo wt‘ed 
produc(*d in tlu' gre(*nh<nis(‘ the previous wintcu* from F] plants of 
tin* sann* singh* crosses was plantenl in ih(» field and sedf-pollinated 
to obtain F 3 seenl. 

Seed of F 2 , backcrossed, and F 3 progtuiies was jdanted in flats in 
th(‘ greenhouse* eluring the following winte*!-. Whe*n the se*e‘dlings 
attained the* 3- to 4-leaf stage the*y A\e*re spraye*d on two succe‘ssive 
oe*casions with a spore susj)(‘nsion of Ilelmitithosporium maydis 
race 1 . After e*ach apjdication eif inoculum to the* plants the* flats 
we*re* ])laced in moist (diambei*s for 15 to 17 hours. Prediminaiy" 
trials ineli(*ate‘d that this h*ngth of time* in a moist chambe*r was 
sufficient to initiate infection and elid not cause water soaking and 
subs(‘quent necrosis e>f the tissu(*s such as fre*(|ueuitly occurs wlu*n 
corn se'e*dlings are held in a saturated atmospheiv for an e*xle*nded 
period. Seedlings of the* susceptible inbred line and seedlings of the* 
resistant singh* crosses we*r(* placed in each moist chamber to serve 
as controls. 

Inoculum was prepared in the following manner. A single ear of 
Fr known to be infected with Ilelminthosporiuw maydis race 1 was 
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used as a stock culture, l^rior to inoculating a seedling population 
a few keriu'ls were removed from this ear, surface-sterilized, and 
plated on acidified potato-dextrose agar. Wlien sufficient growth of 
the fungus was visible on the plates, transfers were made to several 



FrcjiTRE 1 .1, Pair of leaves of a susceptible segregate showing typical syiriptoms ; 
B, pair of leaves of a resistant segregate* showing minute flecks where penetra- 
tion has taken place, but i)rogress of the parasite* has been arrested. 


fresh platens of potato-dextrose agar. Wh(»n the growth had covcu’enl 
the agar surface the spores were wash(*d off in water and the sus- 
pension was transferred to an atnmizer and sprayed on the seedlings. 
The car of Pr infected with the fungus was used as a stock culture 
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in prt'f(M*enoo to ii oultiin' maintained on agar in order to avoid the 
possibility of inadv(*rt(*nt. selection of nonpathogenie variants that 
trequently arise* in artificial culture. Inoculum prepared in this way 
has always given consistent results on segregating seedling populations. 

Symptoms (h^veloped rapidly^ and 7 days after the last inoculation 
the* se(‘(llings were* classifieel according to th(*ir redaction. Resistance 
and susceptibility an* clciar-cut (fig. 1), and no difficulty was (*xperi- 
ence^d in det(*rminirig the class to wdn(*h a s(*('dling b(*lon'g(*d. 

RESULTS 

The data on the* Fo J^C(*dling segivgations of the thrcM* original 
cross(*s are shown in table* 1. Out of a total of l,7fit) s(*(‘dliiigs teste'd, 
1,325 were ivsistant and 441 were susceptible. The dewiation from 
a theor(‘tical 3:1 ratio is not signifmant. In table 2 the* results of 
the* te*st of se(*dlings e)f the backcre)sse‘s arc given. A te)tal of 1,74() 
se*(*ellings she)v\’e(l a se*gre*gat ie)n e)f 882 resistatit anel 8114 susceptible*. 
The* eh'viatie)!! fre)m a LI ratio is withe>ut signifie'ane'c. The* se*gratie)n 
of Fa familie*s is pre*se*nte*el in table 3. In a total e>f 275 familie*s tested, 
74 we*re re‘sistant, 141 we*re* se'giegating, anel (iO were* susceptible*. 
The* eleviation in this case* fre)m a 1 :2:1 ratio is ne)t statistically sig- 
nificant anel is attributable to samiding erre)r. 

M'xhi.k 1 S< gregatton of and auscrpiihlc ,srrdlings in thv Fj populations 

from d crossfs ini'olving the inbred line Pr 

|1(W> k<TTH‘ls planto<l of <>u(*h Fj proutMij] 
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The above rc'sults indicate that in the crossc's studied resistance and 
susceptibility to Ilelminthosporium maydis race 1 are conditioned by a 
single pair of genes. It is suggt'sted that these genes be designated as 
Jim hm. In heterozygous individuals resistance is completely 
dominant. The inbred line Pt is the only known source of the 



334 


Journal oj Agricultural Research 


Vol. B3, No. 8 


recrasive allclomorj)li for susceptibility. No crosses studied thus far 
indicate otlier than typical monogenic inheritance. 

Table 2. — Segregation of resistant and susceptible seedlings in the hackcrossed 
progenies from 3 single crosses involving Pr 
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SUMMARY 

The dent corn inbred line Pr is unique in its susceptibility to infec- 
tion by TIelminthosporium maydis race 1. All other corn inbred lines 
and hybrids, including 'single crosses involving Pr, t(*st('d in the 
greenhouse or observed in the field proved to be highly resistant. 

The susceptibility of the inbred lino Pr to infection by 11 . maydis 
race 1 is inherited as a monogenic recessive. The pair of genes 
concerned have been designated as Hm hm. 



EFFECT OF STAGE OF MATURITY AT TIME OF HARVEST 
ON GERMINATION OF SWEET CORN ‘ 

Hy C. W. CUiLPEPPEu, physiologifitj and H. H. Moon, asmstant pomologistj Divi- 
sion of Fruit and Vegetable Crops arid Diseases, Bureau of Plant Industry, 

United States Depart tuent of Agriculture^ 

INTRODUCTION 

Several workers (7, 3)^ have shown that the quality of sweet 

corn as a table product is greatly influenced by its stage of maturity 
when harvested. The stage for optimum quality is generally con- 
sidered to be that at which the grain has reachec^l one-half to* three- 
fourths of its full maturity as judged by its dry-matter content. 

It has been shown by wStraughn and Church (7) that there is little 
relationship between the sugar content of the grain at full maturity 
and the sugar content at the time when the table (juality is maximum. 
It is thus obvious that it would be advantageous to make selections 
of desirable individual plants upon the basis of the characteristics of 
the grains at th(‘, edible stage rather than at full maturity. Such a 
procedure would be greatly facilitated if the ears could be harvested 
when in optimum condition for table use, a portion of each used for 
making the necessary tests for quality, and the remainder preserved 
for planting. 

The question immediately arises as to how the i)remature harvesting 
of such material will affect its germinating })ower when subsequently 
used for seed. If the seeds germinate, will the subsequent growth 
and behavior of the plants be alTected adversely? If so, to what 
extent? How immature can sweet corn be when harvested and yet 
possess ability to germinate and develop to maturity? IIow are 
viability and capacity for normal develo])ment related to composition 
and size of the developing grain? Are tluu’e difl’erences in varieties? 
If so, how may these (lifferences be explained? A\hile several of 
these (piestioJis have been answered for field corn and some other 
grains, no extensive study of the behavior of sweet corn in partic ular 
has been made. 

(\u‘tain varieties, such as Golden Bantam and Stowell Evergreen, 
appear to mature at different rates. Is there any relation between 
rate of maturity and viability of immature grains? 

After the grain has reached its full development, what is the effect 
of delayed harvest on the viability under the field conditions that 
])revail in the warm, humid parts of the eastern United States? 

Information bearing upon these questions will be of particular 
value to the geneticist and the plant breeder. 

A number of workers have presented re])orts concerned with the 
effect of stage of maturity upon the germination of the seeds of 
several grain crops. Robinson (5), using two varieties of field corn, 
has made a rather comprehensive study of the physiological factors 

> Received for inibhcfttion Ftsbruary 3, 1941. 

2 The authors are indebted to D. N. Shoemaker, formerly of Ihe Division of Fruit and Vegetable Crops 
and Diseases, for advice and suggestions in making the germination tests. 

* Italic iimnbers in parentheses refei to liiterature Cited, p. 359, 
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afTectiri^ germination. Sprague (6) has studied the effect of various 
factors on the donnancy, after-ripening, and germination of seed 
corn when harvested at different degrees of maturity. These writers 
liave given a rather complete bibliography of the work done with 
corn and other grains, consequently no further revdew of the literature 
will be given here. Neither of these workers, however, dealt specifi- 
cally with sweet corn; and it would bo expected that, because of the 
wrinkled and tender cliaractcr of the seed, sweet corn might behave 
differently from field corn and other grains. 

MATERIAL AND METHODS 

The sweet corn for the tests reported in this paper was grown at 
the Arlington Experiment Farm, Arlington, Va., on a sandy loam 
soil formed by dredging operations along the Potomac River. The 
plants generally made good growth and were characteristic of the 
respective varieties. 

In two seasons the ears for the tests were tagged wluui the silks first 
appeared, and the samples for the tests wen^ harvested at jin^de- 
termim^d ages. The ears wore pollinatiHl natui'ally in two siuisons, 
but in a third season the pollinations were made by hand in order to 
obtain an accurate record of the date of fi'rtilization. Samph's W(U*e 
generally taken at 1- or 2-day intervals from 5 to 25 days from date of 
silking. Beyond the 25-day stage the samples were taken at 5-day 
intervals. 

The ears w(*re liarvested about 9:30 a. m, and the husks remov(*d. 
A portion of th(‘ ears was dried with the grains on th(‘ cob, and from 
the remainder tin* grains were removed from the cob by cutting just 
below the bas(‘ of the grain with a sharp knife. In sonn* of the work 
th(‘ grains from one-half of each ear were rcunoved from tlu^ cob and 
the remainder dried without so removing. The material for tlu^ 
g(‘rmination tests was then dried in a constant-temperature room at 
26® C. in a current of air from an electric fan. The length of time 
required to bring the se(*d to an air-dry condition (moisture (‘ontent 
10 to 12 percent) varied with tlie atmospheric humidity, the size of 
the grain, and the degree of maturity. Four to sev(»n days w(‘r(» 
generally rc'quired to dry material cut from tin* (*ob, and 6 to 10 days 
to dry that on the cob. Varieties like vStowcdl EviTgreem rt'quired 
longer than varieti(‘s like Golden Bantam. Jn some cas(»s effort was 
made to vary the conditions so that <*ars of different sizes would 
dry in tlu^ same length of time, Tlie humidity of the room was not 
measun^d, l)ut the atmosphere was sufficiently dry to bo unfavorabh' 
for the devtdopment of micro-organisms, and consequently th(' corn 
remaiiK'd free from any signs of decay or fermentation during or subse- 
quent to the drying process. 

Immediately after cutting from the <*ob, samples of the material 
were taken for chemical analysis. 

After being dried, the samples were stored until tlui following 
January, at which time the germination tests were made. Material 
for each germination test was obtaim^d from a lot of 5 to 10 ears by 
shelling 2 rows of grains from opposite sides of each ear and combining 
the grains obtained. From this material, duplicate samples of 100 
grains each were drawn, care being exercised to include grains from 
tip and base of the ears as well as from the middle region. These 
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duplicate sain])les woiv tlitui planted in clean sand in the greenhouse. 
The time at which th(‘ plants appeared above ground was noted, and 
at- the (‘ 11(1 of 2 W(*(*ks tin* filants wer(‘ removed from the sand and the 
un^erminat(‘d se(‘ds e\amin(‘d for pn‘S(‘nc(‘ or abscuice of d(‘cay. 

In th(‘ first yt'ar the Ciold(‘n Bantam and Stowell EvcT^naui varied i('s 
were us(‘d, both Ixdn^ plant(‘d on th(‘ same date. The (lolden Bantam 
cann* into How(*r about 10 days earli(‘r than th(‘ Stow(‘ll EvcT^n^en, 
and ther(‘ was a corresponding diffc'nuice in the time of harv(‘st. 
llarv(‘stinjj: of the* (Jolden Bantam was continut‘d at 1- to 5-day 
int(M*vais until th(‘ s(*ri('s from both varied i(*s was completeal. 

In the* scH-ond ye‘ar se'veaal plantings weu-e* made* at such dates that 
flowe‘rin^ in the* two vari(*tie‘s eu'ciirivd at the* same time*. The* 
harvesting of the sain|)I(‘s for e‘ach a^e* was done on the* same date* for 
the* two varietie*s, to e*liminate* ditfe*rence‘s in the* climatie* conditions 
during the p(*rie)(l while* the* cars \\e‘re* de‘V(*l()pin^. In drying the* 
niate*rial the* (iolele*n Bantam e*ars we*rc place'd at a soni(‘what "re*ater 
distance* from tin* e*h*ctric fan than the Stowe*ll Eve*r«:re*e‘n, so that the 
two vari(*tie*s we*r(* brought to air-dry condition in about the same 
le*ni]:th of time*. 

RESULTS OF FIRST AND SECOND YEARS* TESTS 
WKieiUT, nuv matter, sugar ('ontknt. and germination 

The* re*sults of the* first and se*cond years’ te*sts are* jriven in table* 1. 
The* air-dry we*i^ht pe'r ^rain of the younjr mati*rial is ele)ubtl(*ss a little* 
hi<?h, as a ce*rtain amount of cliafTy mate*rial aelhe*reel to the* liase of the 
grains and could not be* re*me)ve‘(l e|ui(*kly without injuring the* rather 
fragile p(*ricarp. T\\o very younj; material when (juite dry was rather 
brittle* and ele*licatc, so that it was always ne‘C(*ssary to handle* it wdth 
c()nsi(le*rable* care*. The* elry-WA*i<;ht ele*tcrminations of the ()ld(*r plains 
are* much more* e*xact. 

It is to be nott*d that the percentaire of germination between the 1 1- 
anel the* 15-day stages of maturity is veuy low and irre^gular in both 
years. After the lo-day stage the percentage of germiuatior. in- 
creased strikingly to the 20-(lay stage, at which time about SO to 90 
percent geuTiiinate'd. 

The material cut from the cob at the time of harve'st germinated 
l(*ss satisfactorily than that wiiie*h was allowed to remain ein the cob. 
This result may have been due in part to injury to the grain in cutting 
but was probaidy due for the most part to the fact that the grains 
remaining on the cob derive some sustenance from it during drying. 

There is a good correlation between the pe*rcentag(^ of dry matter in 
the grain at the time of harvest and the ])ercentage ol grains germinat- 
ing. With dry matter below 18 percent for corn cut Irom the cob or 
14 to 17 percent for that dried on the cob, germination was very poor; 
but with dry matter above 20 percent, germination w^as generally 
good whether the grains had been dried on or off the cob. 

The pow'er of germination does not seem to be eliree'tly related to 
the sugar content. The germination increased with age up to 22 to 
25 days, but the sugar content increased to about the Itj- or 18-day 
stage and then decreased. Thus, satisfactory germination was not 
obtained until the sugar content had declined considerably Irom its 
maximum. 
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Table 1. — Air-<lry weight, dry-maUer content, sugar content, and germination of 
seeds of the sweet corn varieties Golden liantam and Stowell Evergreen, harvested 
at different stages of maturity, in first and second years' tests 
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It was expected that, since tlio (loldcTi Bantam apj)eared to mature 
more rapidly than the Stowell Evergreen, it wonld also genninate at a 
somewhat earlier age. In the material cut from the cob there apjjeared 
to be no very significant difference between the varieties, but in the 
material allowed to dry on the cob the Stowell Evergreen germinated 
considerably better than the Golden Bantam the first year, whereas 
the opposite occurred the second year. There is no clear explanation 
for this reversal in behavior. The two varieties were not harvested 
at exactly the same dates. The differences may possibly have been 
due to differences in the growing conditions prevailing in the period 
between silking and harvest of the two varieties. 

The material of Stowell Evergreen cut from the cob germinated 
somewhat better in the first year than in the second, but in Golden 
Bantam the differences were not consistent. 
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BEHAVIOR OF IMMATURE GRAINS WHEN PLANTED IN THE FIELD 

Thp youii^ plants ^ernuiiatod in tlio < 2 :r(‘enli()iise in tlie above tests 
sliowed treinendoiis diirereneos in size and vi^or that are not revealed 
by the ])ereenta^es of ^(*nnination. The size of the foliage as it, 
appeared abov<‘, ground was generally snialler the earlier the material 
was harvested. The ])lants from the seed harvested very youn^ had 
the a{)peannie(‘ of rye or wlnait, and the very younj^est apjieared even 
as diminutive as some small-seeded jijrass. This, of course, raised the 
question whether such material when planted in the field would 
survive and develop to maturity. 

A quantity of seed of the second crop liarvested at dilTerent stages 
of maturity and dried without cutting from the cob was planted in 
tlie field in the following June. It was ])lanted mu(*h more thickly 
than is ordinarily done. The conditions in the field were very favor- 
able for germination, and in all e\<‘ept the very immature lots thin- 
ning was ne(‘essarv to permit normal development of the ])lants. 
None of the ])lants from the see<l harvested below 15 davs of age 
survived to make a normal growth. The plants from the immature 
seeds a])|)(‘ared to la* somewhat slower in getting established than 
those from the normal grain, but w hen once established they a])parently 
grew as fast as the jilants from the mature seed The ])lants from the 
seed harvested at 15 to 17 days of age (*anie into flower J to 0 days 
later than tin* plants from the mature seed. 

Tlu're was \(*ry little difference in the dat(* of flowwing of any 
plants from seed harvested at 20 days of age or more, although tlie 
weight of the seeds varied greatly between the 20- and JO-day stages. 
It appeared (piite possible to grow a crop satisfactorily in the field from 
see(ls harvested 21) days or more after pollination. Of course, the 
minimum safe age for Jiarv(*sting seed w ould depend upon the (dimatic 
conditions [irevailing during tin* development of the grains, the re- 
(|uired age at time of harv(*st being greater for material develo])ing 
during tin* cooler part of the growing season or in northern sections. 

THIRD YEARNS STUDIES 

In the third year’s work all pollinations were made by hand in an 
attem])t to get more uniform results. It had been suspected that the 
irregular results of the first 2 years’ germination tests were due in 
part to the younger age of the grains near the base and tip of the ear 
than those near the middle of the ear, which are naturally fertilized 
first. The ears w ere baggcul a few* days before the silks a]>peared, and 
2 days after the silks first apiieared the ears were ])ollinated with 
fresh pollen from the same variety as the ear that was being polli- 
nated. The ears were ke])t bagged until harvested. Tlie pollina- 
tions were made between 9 and 11 a. m., and tin* ears were harvested 
at the same ])eriod of the day at 2-day intervals beginning the day 
after pollination. 

WEIGHT, DRY MATTER, SUGAR CONTENT. AND GERMIN\TION 

111 addition to testing grain dried wdth and without cutting from the 
cob, another series wnis taken by harvesting the entire aerial portion 
of the plant, bringing it into the laboratory, and allowing it to dry at 
ordinary room temperature until the outer husks became almost air- 
dry, after whicli the ears were removed from the stalks, the husks 
removed, and the drying completed in the constant-temperature room 
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under the elec/tric fan. Twelve to eighteen days, depending on the 
age of the material, was required to complete the drying of the grains. 
The results of tliese tests are given in table 2. 

The percentage of grains germinating was more consistent from 
day to day than in the previous years, but there still remained con- 
siderable irregularity that must be attributed to causes other than 
differences in the age of the grains from pollination. 

Differences between varieties appem* too small to be of any particular 
imj)ortance. 

Tabi.e 2. Atr-’Urif weight, dry matter, sugar content, and germination of seeds of the 
sireet cor)i varieties (iolden Bantam and SloireU Evvrgieen, harvested at different 
stages of maturitif, in, third years tests * 
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* Tht* iioIlinatioiLs were contioUod as lo lure by bagKiiif; the e^its and pollinal inii them b.\ hanii at a specific 
time. 


As in th(* former seasons, tli(‘ seeds cut from the cob did not germi- 
nate as well as thosi* allowed to dry on th(‘ cob. When the ear was 
partly dried on the sliilk'some grains g(Tminat(Hl (‘ven when the plant 
was harvested the second day after pollination. Only a few grains 
harvested at th(‘ early stages germinated, and the results were irregular. 
On early harvested ears most of the grains ceast* developimmt, but a 
very f(‘w continue to d(^veIop as long as they can receive nutrients from 
the cob. Culpepp('r and Magoon (^) noted that the grains upon ears 
of mutilatecl plants differ greatly in their chemical composition. Some 
grains continued th(»ir development almost normally, while others 
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ceastHl to (l(‘voloi) soon tlio mutilating in^atmt'nt (Mit oU* llu' food 
su])ply to tlu^ (*nr. This variation in tho d(‘V(‘lopin(‘ni of individnal 
grains doubtless is n'sjionsililc for at least somt' of the irregularities in 
th(‘- r(‘sults. Tliert' wtTc ap])arently diflVren(‘es in eai-s and a possibh* 
diflerenet' in strains, but. it was obvious that at h^ast many of the grains 
reeeiviHl a eertain amount of nutrients from the cob after harvest. 

In the third year of tin* work 11 additional varieties were employed 
in the germination studies. The methods W(‘re tln^ same as 'for 
Stowell Kvergr(‘(‘n and (johhai Bantam, but as a eoTis<*quene(‘ of dif- 
f(‘r(*ne(‘s in rat(‘ ol devi'lopnnuil tlu^ harvesting of all th(‘ varii*ti(‘s at 
ou<* particular ag(* aft(‘r ixdlination could not be made on tlu' saiiu' day. 
They wer(‘ hurv(‘st('d in August, th(‘re Ixung not mor(‘ than 5 days’ 
difF(‘r(Uie(‘ in the dati's on which material of a givcai age* was harv(*st(‘d 
for the* (liffe'rent vari(*ti('s. The*! conditions we'n* fairly uniform during 
the p(*riod and W’(*r(‘ charact(‘riz(‘d by high t(*mp(‘ratur(*s, wliich re- 
sulted in a rapid d(‘velopm(*nt of the* grains, and conseejuently germi- 
nation was obtained in most cases in v(Ty young material. 

(iermination was first obtained in the 7- to (S-day samples with the 
varieties Mammoth Late, Howling Mob, Money Maker, Country 
(lentlernan, and Jiantain Evergreen, and in 11- to 11-day samples 
of wSweet Orange, Stabler Earlv, wSunnybrook, Long Island Beauty, 
and Oolden Sunrise. The (*arliest age of harv(‘st of seed at which 
it will survive* ])lanting in the field was not determined. Seetls 
harvested 19 to 2(1 days after pollination a])proached 1(10 percent 
germinating j)ow’er. 

Api)arently, only rarely can germination be expected of seeds from 
ears harvest (*<1 less than 10 days after ])ollination, and su(*h seedlings are 
so weak that they cannot develop into normal plants. As conditions 
are made* more favorable for the survival of the embryo, the greater 
become the chances that it can develop into a normal plant. 

The ‘1 years’ results suggested that it would be possible to harvest, 
sweet (’orn when it is 2(1 days of age from date of flowering, or at a 
time when it has maximum table (piality, to make (diemical analyses 
ami other t(*sts for the identification of desirable characteristics 
upon a ])ortion of the ear and to dry the remainder and preserve it for 
subsecpient ])lanting. If the vigor of the })lants from the immature 
seeds were not too much reduce(l, it w’o\ild be feasible to make selec- 
tions in this way with a knowledge of the particular (pialities of each 
plant under consideration at the period of best table (|uality. 

In co()])eration with I). N. Shoemaker, the writers made more than 
200 selections of self-j)ollinated ears of (he varieties Golden Bantam 
and Stowell Evergreen. These were harvested 20 days after ])ollina- 
tion, and half of each ear was use<l in making chemical analyses, 
tests for tenderness, and other tests, and the remamder was dried 
for j)lanting the following year. The seeds of each ()f these immature 
ears were planted in the held and grown in the ordinary way without 
any special culture treatment. As woidd be expected, there was 
lowered vigor due to the effect of self-pollination, and this dei)ressed 
further the decreased vitality resulting from the lessened reserves 
of food materials in the grain, thus making the young plants much 
less able to survive unfavorable conditions. In most cases, however, 
the seed from individual ears produced a crop of plants that wuis 
entirely satisfactory for the purpose of further selection. In many 
progenies the grow’^th was practically as satisfactory as that obtained 
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with corn harvested at complete maturity, while in others very 
few plants survived to maturity. The Stowell Evergreen proved 
somewhat more satisfactory than the (lolden Bantam. 

EFFECT OF DEEAYED HARVEST ON GERMINATION OF SEED 

In tlie third and last year of the work, open-pollinated ears were 
harvested at Twlay intervals from 30 to 70 days from the date of the 
first appearance of the silks. The results of the germination tests 
upon these are given in table 3. 

It is noted that beyond the 45-day stage the percentage of grains 
germinating decreased in both varieties. At 70 days from silking, 
only 57 percent of Oolden Bantam and 52 percent of Stowell Ever- 
green germinated. This decrease in the ])ercentage of germination 
was obviously due to the attacks of mi(*ro-organisms that found 
the ear a favorable place for growth. 

Because of the very warm, often rainy and humid conditions pre- 
vailing in the middle of the summer in the Middle and South Atlantic 
States, the ears often do not dry out rapidly enough in the husk in 
the field to ])revent decay. The corn-earworm often causes injury 
to the tip of the ear that may allow the entrance of rain water, and this, 
with the injury to the tissues, favors the development of the decay 
organisms. If seed is to be saved in this sectifm of the country, it 
is generally necessary to dry the eai*s artificially. 

From the results of these tests the most favorable time of harvest 
appears to be l)etween the 35- and 45-day stages, or at a time when 
the grains have reached a dry-matter content of 35 to 50 i)ercent. 
Excellent germination is obtained at 30 days of age, but the grains 
are generally so soft as to be easily injured hy rough handling at this 
stage. It is ordinarily best to harvest the corn before the ])laut is 
entirely dead, but the ears should be practically mature. The plants 
usually have the appearance of field corn at about the time it is usually 
cut and shocked. Many of the leaves are beginning to turn brown 
and die, but the stalk and part of the leaves are more or less green. 

Table 3. — Effect of delayed harvest on the dry-matter conte7d, the air-dry weighty 
and the germination of the sweet corn varieties Golden Bantam and Stowell Ever^ 
green 
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SUMMARY 

With material properly dried, an almost perfect germination of the 
grains of sweet com was obtained with ears harvested long before tlie 
com reached complete maturity. In the very early stages the power 
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of K<‘miiiuitio!i vari<Hl grpally with the ag(‘ or inaturiiy of lh(‘ inat(‘rial, 
and th(‘r(‘ a])p(*aml to lx* no sp(*eific a<^o or nioisturo contoni below 
which all th(‘ grains abruptly ceased to g(*rminat(*. Below a C(‘rtain 
age g(‘rmination was progressively poonu* the earlier harvesting was 
done. With ears harvestcal very early the grains gerrninatcal better 
when allow(‘d to dry on the cob than when removial from the cob 
before drying. Jf tlu‘ (‘ar was allowial to rcanain on the cut stalk 
during tin* drying proc(‘ss, germination was still better. Apparently 
at least small fjuantities of nutrituits are (liu’ived from the cob and 
stalk aft.(T harvest if the drying is not too rapid. It appears that on 
ears harvestial vctv young ami slowly brought to an air-dry condi- 
tion certain grains d(*v(‘loj) much more fully than otluu’s and luuice 
germinate' while th(‘ otluTs fail. 

K(*sults liave Ixm'u obtaimnl indicating that the ears of sw(‘(‘t corn may 
be harv(‘st('d at the jiroper stage' of maturity for table use, te'sts maele 
upon part of the e'ar fen* de'sirabh' table characte'ristics, anel the 
remainele'r elrieel and ])r(*se‘rve‘d for subsee|uent planting. In tliis way 
seh'Ctions e)f inelivielual ])lants may be made‘ at the' time whe'ii the 
grains are at the* prope'r e'elible stage ratlu'r than fre)m the mature 
material. It was found })ossible to ce)ntiiiue this treatment through 
ihre'e* successive* g(‘ne*rations, thus giving an opportunity for the* segre- 
gation of de'sirable characters not apj)are‘nt in the* mature grain. 

AVlie'ii the* e*ars e)f swee't corn are permitted to re'inain upon the stalk 
in the* field in the* vie'inity e)f Washingte)n, 1). C\, until fully air-dry, 
the* grains may germinate* very poenly, e)wing to the fact that micro- 
organisms attack the* material unele'i* the warm, humiel conelitions of 
this le>cality. For the' ])roduction of gooel se*e'd artificial elrying is 
ge'iierally ne'ce'ssary. For this purpose the* mate'rial shmdd be har- 
ve'ste'el to 45 elays fre)m elate of llenvering, or wIk'U the elry-inatte'r 
content of the* grain has re'ae'henl 35 to 50 pe're'cnt. 
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THE CAUSES OF STILLBIRTH IN SWINE AND AN 
ATTEMPT TO CONTROL IT ‘ 

J{y S. A. AsdeU;, Professor of am trial physiology, Laboratory of Animal Nutrition, 
and J. I. WiLLM^N, nssociatr professor of annual hushnnchy^ Department of 
Arumal Ilushandnj, New York {Cornell) Agricultural Experiment Station 

INTRODUCTION 

T1h‘ of yoiiTi^ just Ix'fon* or rlurin^ biidli is a common 

phenomenon, y(‘t attiuition has been paid to it. It is difficult to 

obtain ndiabli* data on tb(‘ i‘xteni to whicdi it occurs, sinc(‘ information 
coll(»ct(Hl from brec'chus is usually incompl(‘t(‘. Tlu‘y do not bother, 
in many cas(‘s, to n^cord all tlu* d(^ad pi^s. Anotluu’ souice of error of 
th<‘ of)j)osit(‘ sort is the listing of mummifi(‘d (*mbryos born with tin' 
litter. Most rcfiorts in tin* literature concerning still-born pi^s are 
incid(*ntal to otli(‘r work and usually it has b(‘(‘n nec(‘ssary for the 
writ(M‘s to (*alculat(‘ the* i)er<‘(*nta^(‘ incidcMict* for (‘omparison with tlieir 
data. A summary of tlu^ data fouml is <^iven in table 1. The normal 
inoi'lahty lor tin' Unit(‘d States lii's b(‘tw(‘(‘n o and 8 p(‘rc('nt. Tin* 
nund)(*rs shown in tabh‘ 1 arc* fairly uniform excerpt the perc(*nta^e 
for \h*w Zeahind, which is hi^h, and that for Slovakia, which is low. 

Kin^ ('fY five's th(‘ natal mortality in rats of tlu* Wistar Institute 
strain as 1.31 |)(*r(‘(*nt for 31, (>70 rats born. Slu* b(‘rK*v(*s that not 
more than S ])(‘rc(*nt of still-born rats wc'n* not r(*(*()rd(‘d, so that “it 
would app(‘ar that tlu* normal birtli mortality in tlu* colony, und(*r 
<*xisting (‘onditions of (*nvironni(*nt and of nutrition, was not jj:r(*ater 
than 2 p(‘rc(*nt.” Slu* summariz(*d data on human births coll(‘ct(*d 
l)y tlu* Tnitc'd Stat<*s Children’s Bur(‘au in s(*lecti*d citi(*s of the I’nitc'd 
Statt‘s, and found 4.4 ])(*rc(*nt still-born in 5,451) births, a fij^un* more 
coinparabh* to tlu* swiiu* li^ur(*s than is h(*r ])(*r(‘entaf>:(* for rats. Prob- 
ably mortality would be hi^h(*r in rat coloni(*s not so nu'ticulously 
cared for as those* of the Wistar Institute. 

T\HLE 1 The inriih net i.f still-born pigs as lepoited bij diffeient authoniies 
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The work of Aubd, Hughes, and Lieiihardt {1) suggests that mor- 
tality might be greatly reduced by the addition of wheat-germ meal 
to the ration of the sow, but in view of the composition of the basal 
ration, it is difficult to see in what way this could have improved it. 
The most thorough investigation of tlie causes, or rather the n'la- 
tionships, of stillbirth in pigs, is that of McPhee and Zeller («9). They 
found that stillbirth was related to litter siz(», as th(^ smallest (1 to 2) 
and the largest (15 and above) litters had the greatest mortality at 
birth. To explain this they suggest that the smaller litters suffer 
most becaus(‘ they may be but the surviving remnants of litters that 
W(U*e larger at conception. The greater incidence of stillbirth in the 
largest litters is put down to the lu'avy physiological dcunands on the 
mother. They list the following as probal)le factors which influence 
birth mortality; 

1. Krrors in prenatal developni(‘nt 

2. Niitrition, age, and care of the mother 

3. Pathology 

4. IwCthal factors 

5. Inherited endocrine disturbances 

Tliis classification is good, though it is doubtful whether a distinction 
can be drawn between factors 4 and 5. The list might be* improved 
by adding one new class, accidental death, and a second, d(4ay(Hl 
birth, which might ho a subdivision of class 2. 

In the work herein recorded the writers have atliunplcHl to <*on- 
tribut(' to th(' knowledge of stillbirth in pigs through the collection of 
accurate records over a number of years and by autopsy of still-born 
pigs. When it seemed evident that delayed birth is a very important 
factor, an attempt was made with apparcTit success to riuluce tlu' 
mortality by iho injection of pituitrin after the bii’th of the first pig 
in each litter. But the significance of the results obtained by this 
method now seems to be a(^mewhat doubtful. 

EXPERIMENTAL METHODS 

R(»cords were kept from the spring of 1930 of all pigs born alive or 
(l(‘ad in the Cornell University herd. Wlieiiever possibh^ the order 
of birth and th(‘ birth weights were also obtaine(l. The dead pigs 
were preserved in jars containing 5 percent formalin until about 100 
had been saved. Mummified embryos were not counted or saved. 

Th(' university herd consists of purebred Berkshii'es, Chester Whites, 
and Duroc-Jerseys, with a ve^ few crossbreds. The feeding and 
management have been kept fairly constant sincej 1930, but naturally 
there have been seasonal changes as well as changes of herdsman. 
Matings arc made to get two littei’s yearly from the sows, in early 
spring and early fall. At the beginning of the period under discussion, 
tlie proportion of aged pigs was high, but by 1935, the end of the 
collection period, it liad become the custom to keep the sows for a 
much shorter time so lhat the proportion of first litter sows was 
greater. 

INCIDENCE OF STILLBIRTHS 

During the period under discussion, 1930 to 1935, inclusive, the 
total number of pigs born was 1,882, of which 125 were dead. This 
is 6.6 percent, a proportion that compares favorably with the other 
figures from the United States. There was little breed difference, 
but it is noticeable that the incidence of still-born pigs is in the order 
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of av(‘i-ago littiM- size (table 2). This may b(‘ important as it is shown 
in Table 3 that littin* siz(‘ lias an influence on the percentages of pigs 
born (lead. 


Table 2.- Siillhirlhs m pigs as related to breed and average litter size 
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Th(' size of the litti^r S(‘(‘ms to have had some (dVect on the percentage 
of stillbirths (table 3). The figures for small litt(us are too scanty to 
give ivliabh‘ information, but it is (wichnt that with viny large litt(U*s 
the birth mortality t(‘n(l(*d to incivase. This is in accord with the 
rc'sults of otluM* workers. Carmiclnu^l and Rice (2) found that the 
trend was high with small and large littcus. MePhee and ZoWor (9) 
observ(‘d the sann^ tnuid. Howiwer, the writers (pu^stion their siig- 
g(*stion that the increas(‘d mortality in larg(‘ litters is du(‘ to an in- 
cr(‘as(Ml physiological drain on the mother, for the evidence in this 
work indicat(‘s that the increasi'd duration of the birth process is an 
important factor. 


Tabie 3 . Stillhirlhs in pigs ns related to litter size 
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Tin* age of the sow is anotluu* possible factor. The figures in table 4 
show' a d('finit(‘ trend toward an incr(*ase in birth mortality wdth 
the incnaise in tin* age of tin* sow s. KH^(*in*ckv’s (5) data show' a similar 
tr(*nd from the first litt(*r to the seventh, but aft(*rw'ards there is a 
somewdiat t*rratic d(*cr(*ase. Russ(*ll’s data show a fairly steady 
increase with age as d(*finit(' as those of the pivsent W'riiers. AlcMeek- 
an^s ((S’) figures an* more* erratic but slnnv the same trend. 

Table 4.- Stillbirths in pigs as related to age of the sow at time of delivery 
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Tlu'ro soems to b(» a seasonal inlluence also, as tli(» mortality in 92 
litters farrowed in th(' spring was 9.2 piM-eent and in 88 litt(‘rs far- 
j-owed in tin* fall, 4.9 percent. McMcn'kairs (<5) pigs farrowed over 
a much longer period than did tliose of th(‘ writcu’s. Taking com- 
parable periods, his fall farrowings were the higher, with 12.5 percent 
mortality, and his spring farrowings the lower, with 5.0 percc'nt 
mortality. The winters in the Manawratu-Oroua district of New 
Zealand in which these pigs lived are vt^ry mild with ran* frosts, and 
there is far less diff(*rence betwwn seasons than at Ithaca, N. Y., 
where tin* writ(*rs’ pigs are kept.. Evidently, if the Ithaca aiuj 
Manawatu-Oroua data are representative*, the factors at work wdiich 
influ(*nce the^ seasonal incid(‘nce are totally difr(*rent in the* tw^o locali- 
ties. King’s (4) rat data give a higher incidence of stillbirths in the* 
fall (3.04 percent) than in the spring (1.78 percent). Th(*se figur(*s 
for rats are in accord wdth those from New" Z(*aland for pigs. P(‘rliaps 
the Ithaca results refle(‘t the fact that the sow"s had sev(*ra.l months of 
pasture* feeding be'fore the fall farrow^ing and only 1 month b(*h)r(* the* 
sf)ring farrowing. Support for this vi(*W" is gained from tlu* fact that 
aft(*r the close* of the work d(*scribe*d in this pape‘r, many se)W's W'e‘re* 
not give'll summe*r fiasture* and the incuh'iice* of stillbirths was high 
in the* spring farrowing. Many of the ele*ad pigs show"e*el signs eif 
thyroiel (iodine*) de'ficie'iie’y. Supe*r(lcial e*dema, thicke*ning of the* fore 
limbs, and enlarge*d thryoids were observe*d. Ithae*a is on the* e*elge 
of the (Ireat Lake's iodine*-de*ticiency are'a. 

The sex ratio of all the pigs born w"as 52.5 pe‘re*e*nt mah's, and that 
of the dead [ligs 51.2 perce'iit male's. This may repre*se‘nt a ve*rv slight 
tende*ne*y for female's to die more ivadily than male's. Carmichae*! and 
Rice (.^j found a se*x ratio of 5() j)e*rcent male's in 402 still-born pigs. 
MePhee* and Ze*ller (9) founel that the se*x ratio eif de*ael jiigs was 52.9 
pe'rcent male's (497 pigs) as compared wdth 52.2 perce*nt male's for 
all pigs. Evidently tlu'ro is little or no teneh'iicy for mortality to be* 
gre*ater in one se'X than in the other. King (4) howe'ver, found a ve'iy 
great e*xce*ss of male stillbirtlis in her rats anel also in h(*r human elata. 

POSSIBLE CAUSES OF STILLBIRTH 

The*re is no doubt that the* tende*n(*y is for slill-beirn pigs to be* tlie* 
more immature pigs in the litter, but tliis te'iidency is not comple'te*, 
for dead pigs may be found in any we'ight class. The average WH'ight 
of all pigs born was 2.0 ±0.02 pounds, while that of the* dead pigs was 
2.1 ±0.07 pounds, a difFe*re*nce of 0.5 pound. The* cex'tficient of varia- 
tion for all pigs born was 20; for pigs be)rn dead it was 38. Lush, 
lle*tz(*r, and Culbertson’s (6*) e*quivaleut figure's are* 2.7 and 2.2 pounds, 
with approximate (calculated) coefficie'iits of variation of 20 and 30 
respe'ctive'ly. The weights of pigs born de*ael are, the*refore, much 
more* variable*, than those of all pigs born. 

The still-born pigs s^ved W"ere weighed, rneasure'd, anel disse'cte'd. 
Weights were tak(*n for the liver, stomach and intestine's (empty), 
kidne'ys, lungs, brain, and heart. The averages wdth their constants 
are givem in table* 5. No similar figure's for normal swine* are available* 
for comparison but the rank of the e)rgans in elegre'o of variability 
follows very e*Jose*ly that for normal ne*W"be)rn rats give*n by Jackson. 
(Sex* table* 5.) The variability in individual organs is naturally much 
greater, since the*ro is far gre»ate'r variability in body weight. The 
heart shows this more than any other organ. 
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J ABLE f). Average ireights of organs in still-born pigs as compared vulh similar data 
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Total . — - _ - 127 

The p*oup di'signatial * ‘Disproportionate orpin wiu^hts” may be 
subdivided as follows: Larp' heart, 5; larp' luairt and kidneys, 2; 
larp' heart and brain, 1; larp' brain, 4; small brain, 5; small liver, 1. 

It is difficult to decide what effect an enlarp'd heart would have 
upon the viability of the pig, but the hearts in these cases were 
extr(‘m(‘Iy disprojiortionate as compared wdth the average. This is 
reflected, of course', in thi' high coefficient of variation already notc'd. 
Brain disproportion is probably a mu<‘h more sei’ious fault. 

Under the heading “Pathology'' two main types of lesion were 
noted: (1) White spots on the surface of the liver, causexl by an 
(‘xtensive invasion of white blood cells (half ol one large' litter was 
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born de'acl, with tlios(‘ hisions in (*ach pig), and (2) black spots on the 
spleen or on tlie spleen and liver, caused by heavy deposits of iron 
compounds. Other lesions listed were kidney and heart small, and 
necrotic calcified masses on h'ft cornea; bloocl in thorax, lungs pitted 
and (Hlematous, 2 cases; coagulated serous tluid in thorax, 2 cases; 
emphysema of lungs; liver atrophied, coagulated serous fluid in thorax. 

It is realized that these descriptions arc very incomplet(‘ and that 
th(5 nature of the pn'servation of the pigs left much to be d(isir(‘d for 
tiiis type of work. Tin* descriptions are meant to indicate menJy 
that pathology was jnesent in these cases. Edema, when it occurred 
alone, was tak(*n as indicativci of thyroid deficiency and was classed 
under the heading of endocrine disturbances. 

No swine abortion {Brucella suis) inh^dion has been found in the 
h('rd during the couj*s(‘ of this work. 

Th(' classiri(*ation ‘^Endocrine disturbances and edema” is sonu'- 
what vague. It was made becaus(‘ in a few cases edema was found 
to be associated with fairly obvious abnormalitit^s in the size of th(‘ 
thyroid or thymus gland, but in most instances it was not so accom- 
pani(*d. Details and numb(‘r of cases in this class are as follows: 

Tli> runs largo, ocioina, 2. 

Thyroid largo, odoina, 2. Tn one of those the brain was small. Thoro was 
very little hair. The right kidiioy was small and noorotio; tho loft 
kidno}^ uas hypertrophied so that tho weight of tho two together was 
close to the average for those organs. 

Thymus largo, neck rigid, 1. 

Thymus largo, 1. 

Thyroid and spleen largo, histology normal, 1. 

General edema, 11. 

Umbilical cord large and odomatous, 1. 

Sk(detal and other deformities were few. Th(\v wt'n* as follows: 
Thickening of lower jaw, 2 cases (in om* of tlusc' g(Mieral (Mhuna was 
also present); hind legs drawn back, braiti and alinuuitary canal small, 
1 ; extreme hernia, I ; cleft palate, brain abnormally small, alae of nos(‘ 
not united, 1. 

Accidental deaths were divided as follows: Fractured or compressed 
skull, 4; intracranial hemorrhage, 2; extensive bruises, 3; ('xcessivi^ 
hemorrhagt* from umbilical cord, 1 ; umbilical cord tight around body, 

1 ; swallowed hdal membranes, 1 ; ruptured jugular vein, 1. 

In all, about two-thirds of the deaths W(‘re provisionally a<‘counted 
for, but it is obviously impossible to decide what proportion of these 
should b(‘ (‘harged to heredity and what to discuise process('S. The 
small number of structural anomalies is surprising. 

After a number of th(» pigs had been dissected, it was realized that 
there was (*onsiderable difference in the appearan(*(‘ of the lungs when 
they were sliced. Some had obviously been inffated, but many had 
not. The lungs of the last 105 pigs were sectioned and examined 
histologically. The resxilts are striking: Alveoli collapsed, 35; alveoli 
partly open, 46; ahu'oli wide open, 24. 

Many of the pigs die after they have breathed, many others are 
able partly to inflate their lungs, Sut die before they are able fully to 
inflate them. Otliers are dead before any attempt at inflation can 
be made. Tliis led to the belief that many of the pigs were suffocated 
within the uterus or vagina. This conclusion was strengthened by 
the fact that stillbirth was known to occur more frequently when the 
farrowing was unduly prolonged. The question arose whether the 
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or(l(‘i’ of birth was also a fa(*tor. In scworal fan'owin^s Uk’ exact 
ord(‘r of birth had Ix'cii nnorded. Tlx'se records s1iow(h 1 definitely 
that the ^reat majority of tin' still-born pi^s W(‘r(‘ born late in the 
litter. Fi<>:ur(‘. 1 ilhistrat(‘s this. The vertical line repres(‘nts the 
division of litt(*rs into th(‘ first and s(*cond half farrow(‘d. Still-born 
pi^s ar(‘ r<'present(‘d by an X. Twenty-six litters in all are charted. 
Nine piji:s were btirn d(‘ail in the first half of the pijrs farrowed, and 45 
in the second half. 
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FuirKF 1 -- Pies still-lu-rn in tin- first and second half of the litters farrowed. 
The litters are recorded horizontally in the order of birth of the pigs with the 
dividing line at the center of the lithw. Still-born P'gs are »J*ra<ed by X; 
asterisk (*) indicates 3 dead pigs born m the second half of a litkr ol 13. 

AN ATTEMPT TO REDUCE THE INCIDENCE OF STILLBIRTHS 

lit the light of the foregoing results i( seemed possible that inortahly 
might be ivdueed by hastening birth. Accordingly, tor the 
farrowing seasons — H)3(i to spring, 1938 - ec. 4 I’hodrin, I . • 

IX at firet and later 1 ce. of nitnitrin U. 44 « 
eacli sow immediately aflc-r llie farrowing ol the. first pig oi’ 1^ ^ot n 
thereaft er as possible. The injection was madi' 
the soft part of the neck, 2 or 3 inclu's behind the ear, tin skm ha\ m 
first been swabbed with aleoholic iodine or aloohohe mercuric chloiKh 
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solution. During llu^ period of the experiment 1,148 pigs were far- 
row(Hl, and 33 of tlu'se W(‘re d(*ad. This was a mortality of 2.9 ])(m- 
cent. Th(‘ average weight of the dead pigs was 2.1 pounds, th(^ sanu^ 
as previously. Thes(* results seemed to justify the conelusion tliat 
the inj(‘ction of pituitiin had markedly cut down the mortality, as 
ther(‘ was a dro]) from 0.6 pc^rcent to 2.9 perccuit. 

In order to (‘stablish a check on this result, during thi^ next five 
farrowing S(»asons (fall, 1938 through 1940) insofar as possible alti'r- 
nat(‘ sows were injected. Of 332 pigs bom to injected sows, 13 or 
4.3 p(*rccnt were slill-born. Fiv(‘ of tliese pigs were born in oiu' litt(U* 
after a long (b'lay in farrowing. Of 343 pigs born to sows that were* 
not injected, 13 or 2.4 p(‘rcent, wen* still-born. Th(‘ dift*erenc(‘ in th(‘ 
number of pigs farrowed in the 2 groups is du(‘ not to a difiVnuice in 
litter siz(‘, but to the fact that more sows w(‘re left uninjected. Even 
if the 3 dead ])igs in 1 litter were omitted, tlu' injections would not 
have lower(‘d the mortality below that in the noninj(‘cted sows. 
Furthermore, the current rate of mortality is (»xc(*ptionally low, 2.9 
percent, for all pigs during the 3 yeai’s of injections, a figiin* Ixdow 
that of any com])arable seri(‘s in the literature. No changts in man- 
ag('m(‘nt of the sows had been macb'. that would appear to account for 
this decliiu'. The writcTs are at a loss to exi)Iaiu it and they hope 
that otluTs will repeat this work in order that furth(*r data may In* 
obtained on tin* effects of [)ituitrin injections. Tlu* lower average* age 
of sows in the second 3 y(*ars may account for some of tlu* de'clim*, but 
oidy for a small part. 

SUMMARY AND CONCLUSIONS 

The perc(*ntage of still-born pigs in tlu* Coriu*!! Unive'rsity lierd 
ov(*r a p(*i’iod of 5 y(*ars was 0.0. 

Large litters and advancing age of the sow t(*nd to inen*ase tlu* 
birth mortality. Spring farrowings had nearly twice* tlu* mortality 
of fall faiTowdugs. The mortality was no gr(*ater in one s(‘x than in 
the* otlu*r. 

The average weight of still-born pigs was 2.1 pounds, as compared 
with 2.0 pounds for all pigs farrow’^ed. The weight of still-born pigs 
was also mon* variable than that of all pigs farrowed. 

As far as possible, the* cause of death was as(*(*rtained. Disi)r()por- 
tionate* organ WH*ights and ])athological conditions s(*em('<l to be tlu* 
principal contributoiy factors. 

A consid(*rable proportion of the pigs had made abortive attempts 
to breathe* anel hael be*e'n smothere*d before birth. Me)st e)f the* eleael 
pigs we*re born late in the* farrowing. 

An attempt by the* iiije»ction of pitiiitriii to hasten birth and thus 
reduce* the mortality seemed to be successful at fii'st, but subsequent 
work has thrown doubt on its value. 
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COMPARATIVE INJURY BY THE EUROPEAN CORN BORER 
TO OPEN-POLLINATED AND HYBRID FIELD CORN ' 

By L. H. Patch, associate entomologisty G. W. Still and B. A. App, assistant 
entomologists^ and C \ A. Gkooks, junior entomologist^ Bureau of Entomology and 
Plant Quarantine^ United States Department of Agriculture '^ 

INTRODUCTION 

Hybrid field corn {Zea mayff L.) adapted to l(K*al conditions has been 
found superior to the common open- pollinated varieth'S of corn with 
resp(‘(‘t to resistaiK*e or tolerance to some diseases and insects, the 
number of barren or earless plants, tlie degree of stalk breakage, and 
the yield of marketable grain. The possibility of its superiority with 
respect to tolerance to infestation by the Europe^an corn borer 
(PyrauHfa nnhilall^ (Hbn.)) prompted the inclusion of several opeui- 
pollinat(‘d varieti(‘s among t(‘st plantings of hybrids in northwestern 
()hio during the ye^ars 1929~3:h The locally adapt(‘d Wooster strain 
of the openi-pollinaled (^larage variety was also grown by itself for 
1 ‘omparison with the open-pollinated varieties as a group, not all of 
whi(*h were h^‘ally adapted. Th(^ determination of the comparative 
amount of injury to th<' quality and yield of tlu‘ ears and also of 
br('akag(‘ of the stalks was the primary purpose of this study. 

A study of th(‘ injury to the quality of th(‘ ears should include, in 
addition to th(‘ir marketability, the feeding value of the grain. This 
phase of tlu' probhan has bcum inv('stigat(»d by tlu^ Bureau of Animal 
Imlustry, Unit(‘d States Department of Agriculture, and the Chief 
of that Bur(‘au made tin* following statement in his annual report for 
1933: ‘^Analyse's of the separate parts of plants inf(‘st(‘d by corn 
bor(*rs show that the leaf, stalk, grain, col>, and husk W(Te not mark- 
edly chang<‘d in composition. R<'<luc('d production in corn-borer- 
infesttMl areas, therefore, can be measun'd chiedly on the basis of 
reduced yie^ld.” Accordingly, no additional data on grain analysis 
an' pn'sente'd in this pap(*r. 

STRAINS OF CORN USED 

Th(' group of opeui-pollinated varieties was made up, in 1930, of 
Red Cob Ensilage, Longh'llow Flint, and tiu' European varieties 
Te'lbisz Early Dent, Pferdezahn, and Bankuti Dent; in 1931, of 
(lolden King, Kreig, and Woodworth's Reconstituted High Yield and 
Reconstituted Reid; and in 1933, of Johnson County \\l)ite, Smoky 
D('nt, (3arage, t\uit(‘rbury, and Doubet. There wt'n' 22 hybrids in 
the group t<'st('d in 1930, 15 of which were single crosses, 4 were 
three-way crossi's, 2 W(‘re doubh' crosses, and 1 was a to]) cross; of 20 
hybrids tested in 1931, 18 were single crosses and 2 were double 

J Recplved f(»r publication 7, 11)41 
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crosses; and of 7 hybrids tested in 1933, 4 were single crosses, 2 were 
three-way crossc's, and 1 was a double cross. 

EFFECT OF BORER POPULATION ON THE QUALITY AND YIELD 

OF THE EARS 

C OLLECTION OF DATA AND STATISTICAL ANALYSES 

Th(^ various strains of corn were subjected to different known levels 
of borer population. These strains were randomized within each of 
several irplications. Ka<‘h plot of a givcm strain was divided into as 
many ecpial suliplots as there were levels of borer population in the 
experiment. One of tlu* subplots was subjected to natural infc'station 
only, whereas t‘acJi of the others was, in addition, infested by hand 
with a definite' nimd)e'r of egg masse's per ])lant to produce the eh'sired 
level of borer population. The' e'ggs wctc prodiiceel in the laborateny.^ 

Some strains matured e^arlie'r than others, and the* ears of tlu'se' 
strains we're^ a special attraction te> blaekbirels. Tlurefem*, te) avoid 
eurers in comparing yie'lels, all the ears were^ tightly covered with paper 
bags te) prote'ct them from the birds. 

On an average' 24 plants from e*ae*h le'vcd of infe'station of each strain 
were elisse'e*t('el afte'r the mielelle of August to eletermine the' me'an 
nurnbe'r e)f bore'rs pe'r plant before* many of the* full-feel larvae* hael 
migrate'el away fre)m the* plants. 

At harve'st time* re*cord was maele bv subplots of the* total number of 
productive plants, the number of earless plants, the* numbe*r e>f plants 
bearing two ears, the numl)e'r anel weight of all the* ears harve*sted, and 
the nurnbe'r and weight of the unmarke*4able* e'ars. Plants maturing 
less than six ke*rne*ls of grain we*re* re*e*oreled as e'arh'ss. Unmarke'table 
ears were theediaffy, rotted, or meddy ears and nubbins se> small that 
they would not ordinarily be* harve*ste*el. Ears e>f seiunel grain, eve*n 
though small, and ears ^Wth oidy a fe*w of the^ ke*rne*ls molely we're* 
classified as marketable. 

From the* total number of plants in all the subplots of e*ae*h le've'l e>f 
infestation, the* pere;e*ntage tJiat was e*arle*ss anel the* pe're*entage* and 
the we'ight of ears that w’e*re' marketable* we*re* e*alculateHl. Tlu'se 
value's w^e're placeel on an acre basis for a stand of 10, 000 plants, thus 
permitting easy conversiem of the! numbers e>f plants pe*r acre* into 
perce'iitages, and vice ve*rsa. The actual stands of 10 plantings of 
Clarage anel 7 plantings of op(*n-pollinate*d gi'oups anel of hybrids 
average'd 10,100 and 10,383 plants in 3,550 hills pe*r acre, re*spe*e‘tive'ly. 
The yiedd was calculateel in bushels of 50 pounds each of sbe*lle*el corn 
on the basis of a moisture* contemt of 15.5 pe*r(H*nt. 

The data from the 1930 planting of open-pollinated varie't ie's, which 
averaged one borer pe'r plant, are 3 given as an example of the e'onve'rsion 
of the data to an acre* basis. On an average 5.5 percent of the plants, 
or 550 plants pe'r acre', w^ere earless. Therefore, 9,450 plants pe'r acre 
were productive. Of the ears harvested, 93.0 percent we're*, classified 
as marketable. On the assumption that each ear represented a 
productive plant, 8,789 plants per acre bore marketable ears and 661 
plants per acre* beire* unmarketable oars. Of the ears harve'steel 98.6 
percent by weight were classed as marketable. vSince the e'stimnted 

3 Patch, L. H., and Peirle. L T.. i.aboratorv prohvction op rr.trsTERs of suropean corn borer 
KOOS FOR USE IN HAND iNFE.sTATiON OF CORN. Jour. Econ. Eiit. 2tt: 19««2()4, illus, 193:1, 
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yield of the full stinid of ])hiTits was 57.4 biisluds per aer(‘, the estimated 
mark(*tal)le yield was 5().() bushels ])er acre. 

Finally, the simple' rep-essions of tin* luimlx'r of (*arl('ss plants per 
acre', th(' luimbe'T* of plants Ix'arinjj: marketable ('ars, the total yield, 
and the marketabh' yie'ld on tlx' level of bor(*r ])oj)ulation were calcu- 
lated Per-aert' (*stimates were' then made of the' mt'asuralde quan- 
tity's in th(‘ abs('nc(‘ of lx)r(‘rs, which in this paper are' calh'd tin' normal 
values. The re'sulls of the statistical analyses of all data are ^iv(*n 
in table 1. 

As indicaU'd in tlx* example pven above', one c'ar at harve'st was 
assunx'd to rejm'se'iit oix' prexluctive plant. Althoug:h the number of 
productive' plants fx'r plot was r('(*ord<‘d, the identity of the' individual 
ears Irom two-e'ar plants was lost wlx'ii tlx'V we're^ edassific'd as market- 
abh' and unmarketable, and no record was obtaiix'd of tlx' number of 
])lants for (‘a.ch class of (‘ars harve'st('d. It was not possible*, tlx're'fore, 
to (h'te'rjniix* the* number of plants pe*!* a(*re Ix'arin^ marketable* e'ars. 
Two-(‘ar plants, howe've'r, we're* fe*w in numlx'r During the pe'riod of 
the' (‘xpe'rinx'iU tlx* av(*ra^e‘ pe*rc(*nta^e of two-e'ar plants of Clara^e 
rang'd from 0.4 to 2.4, vith a ^e'lx'.ral ave'ra^e* of 0.0, and of tlx* ope'ii- 
]X)Hinate'd aixl hylu’id groups from 0.5 to 4.t), with a ^(‘ix'ral av(*ra^e 
of 2.1. Tlx* discre'pancv mtrexluce'd into the calculations by assuming 
an (‘ar le» re‘pre*se‘nt one* ])r(xlix*tiv(‘ plant may the're'fem* be* consieh'red 
as of no mate*rial im|X)rtanc(‘. 

Tlx* standard ('rre)rs of the* re*^re'ssion (‘Oe'fRcie'iits were* calculale'd by 
Fislx’r’s formula.^ The* variance's of the* ditfe*re'nt e*stimat('s in the 
abse'rxM* of bore'rs were' calculate'd by a moelification of the* formula 
^iv(*n by Eze'kie*!/ 


wlx're* is the* variaix-e* of the nx'an value of tlx* factor of all borer 

V 

le*ve*ls, is the* standard error of the* re'jrre'ssion e*oe*flici(‘nt , anel Mr is 

the* me*an be)rer })e»pulation of all leNe'ls. 

Tlx* standard e*rrors of the ave*ra^e*s e)f all the ])lantin^-s we're calcu- 
lated by the* formula for the* standard (*rre)r of a gene*ral me'an. 

The numbe*r of eh'^ree's of free'eleun five'll in table 1 range's from 1 to 4, 
indicating that tlx* field data were* obtaine'd from thre'e to six leve'ls of 
borer population. 

In e*stimatin^ the edlVct of the* infe'station on the* Aarious factors, 
averap's of all the plantings w e're* use'd as a basis for comy^arison. Any 
difrere'iice's betwi'en corre'spondinyr vahx's of the Cdara^e aixl the e)p('n- 
pollinat(*d yrroups may have Ix'en due* to dillVrence's in varie'ty, soil, 
plantinyc date*, or locality, but the value's for the ope'ii-pollinatecl 
varieitie's and liybrids are elirevtlj" comparable*. 

< Fishkk, X sTATisTrrAi. MKTHODS FOK RESEVRdi WORKERS Kil. <». IW.) pp., illu''* I'Minbuip and 
Londiin. See sect ion 2e> 

•'Kzi-kiki, Mori>E(’\i. MKTJioPs OF CORRELATION AXAdsis 427 i»p., illiis. Xe\^ A’(»rk ftiid Loudoii. 

m). Seer* 2‘)4. 
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REDUCTION IN MARKETABLE YIELD 

Tho comparativo injury by the borer to the yield of tlie three groups 
of corn was studied from the standpoint of the reduction in marketable 
yie‘ld. Under infestations up to about five borers per plant there were 
no el(‘ar visual indications of reduction in yield, although broken stalks 
and signs of infestation were numerous, tinder si^vere infestation the 
inost noticeable indication of reduction in yield was the increase in the 
number of earless plants, but some infested plants bore only uii- 
marketabl(‘ nubbins or injured ears. From experimental evidence 
the ears of all infestc^l plants apptau* to be more or less reduced in size, 
but in most fields, unless thej^ are heavily infested, a general reduc- 
tion in size would pass unnoticed. The borer reduces tin* marketable 
yield of corn plants, thendon*, in three ways — (class 1) through an 
increase in tb(' numbc'r of (airl(‘ss plants, (class 2) through an incri^ase 
in tfi(* numb(*r of plants bearing unmarketable earn, and (class ,S) 
tbrough a reduction in the size of the ear on all plants Ixairing mark(‘l- 
able ears. 

To study the effect of these fa(*tors in n'ducing tlu' marketabh‘ 
yield, it was desirable to put the loss in yield due to smaller ears on a 
plant basis for comnarison with (lu^ other two factors. Th(» yield ob- 
tained at a given level of infestation is usually compar(‘d with an 
estimated yield in the absenc(‘ of borers. Hence the loss in vield due 
to srnalfiu* oars is express(‘d in t(*rms of the number of plants that- 
would produce an equivalent yield in th(‘ abs(‘nc(' of bortu’S. Kxprc'ss- 
ing the loss in this manner is the same as regarding the loss that actually 
occurred on all tin* plants b(»aring marketabli' ears as being con(*(‘n- 
trated on a numb(*r of plants to the ext(‘nt of nuulering them earless. 
Since the yield harv(\sted at a given level of infestation napiin^s more 
plants than are required to produce this yield in the absence* of bor(‘r*s, 
class 3 r(‘pr(‘sents the excess plants that would be ne(*d(‘d to compe'ii- 
sate for the* loss due to srrialh'r ears. 

The number of plants in class 3 was det(Tmin(*d by first dividing 
the number of bushels of marketable corn per acre at a given infesta- 
tion lev(‘l by tin* normal yield in fractions of a buslud p(*r plant bearing 
marketable corn to obtain the number of plants that should have 
produced an (equivalent yield in the absfinc(e of boners, and then sub- 
tracting t-liis numb(T from tlie number of plants b(‘aring marketabfi* 
ears per acre at the giviui level of infestation. 

The number of oarl(‘ss plants, tin? numlx'r of plants Ixearing market- 
able ear’s, and the number of bushels of marketabh' yi(dd were 
calculated on a per-acre basis for a h‘vel of 12 boners j)(‘r plant from 
the values in the absence of borers and tin* increase or decnxise in these 
values per boner. The number of plants per acn^ Ix'aring unmarket- 
able ears was found by deducting the sum of the number of plants 
bearing marketable ears and the iuimb(»r of (*arl(^8S plants from 10,000. 
The number of plants m each of the three classes, in the abs(enc(* of 
borers and at an infestation level of 12 honors pcT plant, is givcm in 
table 2. The difference between these two levels gives the* increase in 
the number of plants necessary to comp(‘nsate for the loss due to 12 
borers per plant. The totals of the differences giv(» the number of 
plants wdiose production in the al)8encc of the borer would have 
equaled the total loss in marketable yield due to the borer. 
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Table 2. Clai^Hijicaiion of ihr Ions 1o thv varioua types of corn due to corn borer 
uifestaiiori at an average tevel of borers per plants OhtOy 19^0 
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From tli(‘ miinhcr of jilants in cac*)! class ^ivcii in tabic' 2, fillin' 1 was 
conslrucltMl to j)r(‘S(‘nt th(‘ data graphically. A horizontal line was 


OC'COr r,. r, , - ^ 6000 ' ! 



FkU'KE 1.— Itl'civK’tioii in nuirkotablc yield of corn, classified according to character 
of injury r(*sulting from corn borer attack at difTerent levels of infestation: 
Ay C'larage, 7i, op(‘n-pollinat(*d group; hybrid.*'. 


fii*st drawn at the level of the total numlx'r of earless and uninarket- 
abl(' ear-bearing plants in the absence of borers. Then the total 
increase in the number of plants necessaiy to compensate for borer 
attack at the 12-borer level was plotted above tln^ horizontal line. 
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These points were connected with the origin at tlie no-borer level 
by a straight line. At the right of each figure a supplementary scale 
gives the percentage reduction in marketable yield due to the borer. 
This scale was erecU'd on the basis of the total increase in number of 
plants necessary to compensate for the attack of 12 borers per plant 
as a percentage of the number of plants bearing marketable cars in tlu*- 
absence of boiers. For example, the total increase of 3,382 plants in 
the Clarage strain is 42.76 percent of 7,910, the number of plants 
b(»aring marketable ears in the absiuice of borers. 

The size of the ears was reduced about the same percentage in all 
three* groups, b(*cause the ears on all the idants bearing marketable 
ears W(*re smaller and tlu* total reduction in marketable yield due to 
the corn borer was equivalent in each case to the yield from about the 
same number of plants in the absence of the borer. These results 
w('r(* obtained even though half the tests on Clarage wc're conducbul 
during seasons in which the hybrids and the open-pollinated gi*oup 
were not tested and all but two of the tests on Clarage were eonduct(*d 
at different localities. 

In th(* abs(*nc(* of borers 7,910 plants Ixuiring marketabh* (‘ars of 
Clarage yi('lded 52.4 bushels per acre (table 1), or 0.006624 l)ushel 
per plant. Owing to increases in the numlx*!* of (‘arless j)lants and 
plants bearing unmarketable ears, the numbc'r of ]>lants bearing 
marketable ears was reduced 121 plants per acre per borc'r p(*r plant, 
so that in the pr(*sence of 12 borei's per plant 6,458 plants l)ore mark- 
(*table ears. In the absence of borers, these 6,45(S plants would have 
yielded 42.8 bushels of marketabh* gi*ain. Since the mark(*tabl(* yield 
was reduced 1.S7 bushels ])er acre per borer per plant (tabh* 1), the* 
yield was 30.0 bushels in the presence* of 12 borers. He*ue*e the* yie*lel 
was re*duced 12.8 bushels and the size* of the ears 29.9 pe*rce*nl owing 
to smaller ears on all the plants bearing mark(‘table ears. 

By similar calculation it. may be shown that the* size of the* e‘ars of 
the hybrids and the ope*n-pollinated vari(^tie»s was re‘duced 30.5 and 
29.5 pe*rcent-, respect ive*ly. 

Since the marketable yields of Clarage, the hybriels, and the ope*n- 
pollinated varieties we*re redu(‘cd, respe*ctiv(*ly, 1.87, 2.53, anel 2.45 
bushels per acre per bor(*r per plant, an average of 12 bore*rs ])t*r |)lant 
would r(*duce* the* yield 22.4, 30.4, and 29.4 bu.shels pe*r acre*, respex*- 
tive*ly. In the absence of borers a plant bearing a markt*table* e*ar 
averaged 0.006624, 0.008983, and 0.007838 bushel for the* respe*(*tiv t* 
groups. Therefore, the; total reduction in marketable^ yie*lel due* to 12 
borers p(*r plant was equivah‘nt to the yie*ld in the absence* of borers 
of 3,382 plants of (Taragc, 3,384 plants of the hyl)rids, and 3,751 
plants of the open-pollinated varieties. These totals, calculated by 
another method, are*, given in table 2. 

RELATIVE BORER DAMAGE TO DIFFERENT STRAINS 

From the foregoing data it appears that the total reduction in 
marketable yield per acre per borer per plant was equivalent to the 
normal yielei of an average of about 292 hybrid or open-pollinated 
plants, and that the size of the marketable cars of both the hybrids 
and the open-pollinated varieties was reduced on an average about 
2.50 percent per borer per plant. 

Although the total reduction in marketable vield due to 12 borers 
per plant was equivalent to the normal yield of about the same num- 
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IxT of hybrid and op(‘n-p()lliuatod plants, the loss of ih(^ hybrids was 
(equivalent to tlu' normal yi(*ld of 13, 384 plants, which is 35.93 ])ercent 
of 9,418, th(e, numixer of ])lants bearing marketabhe (iars in the absence 
of bonu's, wh(‘r(eas tlu' losses of (.^laraj^(e and the opcnx-polliiiated gi'oup 
wiue e(|uivaleut to 42.70 and 44.48 piTc.ent, resjxectively, of the normal 
yi(*ld. The loss for the hybrids was 2.99 perecnit per borer per plant 
as eomj)ar(ed with 3.5(1 ])(erct‘nt for C^lara^e and 3.71 pcjrc.eni for the 
open-pollinat(‘d ^roiip, or an av<‘Taf*:e of 3.04 ixerccuit. Hcmce the 
hybrids werce, mor*^ toherant to the bor(‘r than tlu' op(en-pollinat<ed 
vari(‘ti(‘s in that a {j:iv(*n ninidxT of borers caused about (iv(vsixths as 
nui(*h loss of yield to th<‘ fornxT as to the lattcT. This advantaj^e was 
due to the diff(‘r(*nc(* in tli<‘ rate of increase in the number of earless 
plants and thos(* bearint? unmark(4abl(* (^ars ]x*r acre per borc^r per 
plant. For the hybrids the incn‘as(‘s w(*re 29 and 32 plants, respec> 
tively, as com])ar(‘d with 72 and 77 for the open-pollinat(xl ])lants on 
the sam(‘ plantings. In corn^lation with tlH‘S(‘ 1 o\\(t rates of increase, 
th(‘ hybrids in tlu‘ al)s(Mu*(‘ of borers would have had a smaller numlxT 
of <'arl(‘ss plants and plants b(‘arinj>: unmarkedabh* (*ars and a corn^s- 
pondinjijly lar^iT nuinl)er of plants bearing marketable ears. The 
hybrids would hav(‘ had 9,41S ])lants jxt acre bearing marketable 
(»ars in th(‘ absence (»f borers as companxl with 7,910 jdants of (^larage 
and S,433 plants of the open-pollinat(*d pxnip. All tlu^se dilf<T(*nct‘S 
betw(xMi tht' hybrids aiul tlx* op(*n-pollinaled gi‘oup are shown in 
titjuri* 1. 

The ^r(*at(‘r tohTance of tlx* hybrids over the open-poIlinat(‘d jrroup 
juay lx‘ shown as dm* to a ^iv(*n numb(*r of bor(*rs (‘ausing a srnalh'r 
number of ])Iants to Ix'conn* (*arless or to b(*ar unmark(*tabl(* (*ars, 
and not to a hi^h(*r l(*V(‘l of p(*rformance in tlx* abs(*nce of borvrs. 
If tlx* hybrids had lost tlx* yi(*ld from as many plants lx*arin^ market*- 
abh* (*ars as was lost by Clara<;e and the op(‘n-p(>llinat(*d ^roup, tlx* 
loss would hav(‘ lx‘('n 14. (> bushels per acre from an av(*ratj:e of 1,020 
plants. The hybrids, tlx'fi, would have had only 7,798 plants lx*aring 
mark(*table (*ars in th(* ])ri*sence of 12 bor(*rs pc’r plant. This numb(*r 
of ])lants would have* yi(*ld(*d 70.0 buslx'ls in tlx* abs(*nc(* of boixrs. 
Since* the siz(* of tlx* ears was r(*duc<*d 30.5 p(‘reent l)y 12 borers p(*r 
plant, the yi(*ld of 7,798 plants would hav(* lx*(*n r(*due('d 21.4 bush(*ls 
by tlx* smalh*r (*ars on all ])lants lx*ariu^ marketable ears. Tlx* total 
r(*duction in yi(*ld would have b(*(’n 30.0 buslx*ls, whi(*h is 42.0 percemt 
of 84.0 buslx'ls, tlx* yi(*ld in the absence of boivrs, or 3.55 p(*r<‘(*nt ])er 
bor(*r })er plant. This loss is about as mu(*h as was suflt*red hy 
(^arajre and tlx* open-pollinat(*d ^roup, even though the hybrids 
wouhl have* had more jdants b(*arin^ marketable (*ars in the absence 
of borers. 

EFFECT OF BORER POPULATION ON BREAKAGE OF THE CORN 

PLANT 

The (*fiect of different lev('ls of corn borer po}>ulation on the break- 
age of corn plants through feeding and tunixding within the stalk 
was a study incidental to the det('rmination of the n^duciion in the 
amount and quality of the yield. A thorough study of the com- 
parative ability of different strains to stand up under given borer 
populations recpiires the taking of data at inUuwals during the harvest 
season, especially after heavy winds. This was not possible in the 
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present study, but it is believed that data from the Clarage variety 
taken from five localities during 4 y(‘ars an* fairly r('presentative of 
an open-pollinated variety at harvest. It is believed also that 
suffieient data have been accumulated on open-pollinated varieties 
as a group and on hybrids to justify a comparison of the two groups. 

COLLECTION AND CALCULATION OF DATA 

Just before the harvest, during the last we(‘k of September and the 
first 2 W('eks of October, the munber of plants brokim above the ear 
and the number broken below the (‘ar were' recorded for each plot. 
A plant brok(ui both above and below th(^ ear was n^corded as broken 
l)elow the ear. All breaks other than broken tassels were recorded, 
whatever the cause*. Tlu' total number of plants ])er plot and tlu^ 
numb(*r of borers per plant at each inf(‘station l(*vel wen* taken from 
the' elata use*d in the study of the quality anel yield of the* e*e)rn ears. 

For the Clarage varie'ty the* number e>f plants breiken below the* e*ar 
was combined with the* nmnbe*r broken abe>ve* the e*ar to obtain the* 
total numbe*r of breiken plants, anel the* pe*rce*ntage*s e>f the plants 
broke*!! we*re then ealculated (talde If). Data from feiur leve*ls of 
infe*station from two plantings anel five le*ve*ls from nine plantings 
are* given in table If Me*an value's are given feu* the jJantings with 
five leve*ls of infe^slation. For the groups of hybriels and of ope'ii- 
pollinate'd varietii's comple*te data we*re obtairu'd only on the* numbe*r 
broken be*low the ear (table 4). 

BREAKAGE OF CLAHAGE AT VARIOUS INFESTATION LEVELS 

For the Clarage* variety it may be* neite'd in table If that, as the* uum- 
bt'i* of bore'rs per plant increased, both the te>tal pe*re*entage of l)re)ke*n 
plants and the pe'rce'utage of plants broke*n bele)w the* ear like*wise* 
iucre*aseel. When the mean pe*rcentage of eae*h variable was ple)tte‘el 
against the* av(*rage numbe'r of bore*rs pe*r ])lant for the five* h*v(*ls e>f 
infe*station, a smooth curve could be passed through the pe)ints, as 
showui in figure 2. This curvilinear re*lation would ne‘ce*ssarily follow 
from the way the data we*re^ taken. The numb(*r e)f liroken plants, not 
the numbe*r of br(*aks pe'r plant, was re*corded. The* ratio of the me*au 
percentage* of plants brok<*n be*low the* cm* to the mean tntal pe*rce*ntage 
of broken plants, give*n in table 3, was about constant lor the* five* 
leveds of borer population, and av enraged 59,0 p(*rceut. 

COMPARISON OF BREAKAGE IN HYBRIDS AND OPEN-POLLINATED VARIETIES 

The ave*rage breakage of hybrids is compared with that of eipen- 
pollinate*el varie»Jie*s in table 4, and the*, curved line's in figure 3 are! 
fitte'd to these data. It may be noted, by (*xte*nding the* curves to the 
left, that about 3.5 percent of the hybrid plants and 10.5 p(*rce*nt of 
the open-pollinated plants would have be(*n broken in the abse*nce of 
borers. The curves also show that al)out 14.5 and 20.0 percent of the 
plants, respc'ctivedy, we*re broken at a leve*l of seven borers. S(*,ven 
borers per plant would therefore have caused the br(*akage of 11.0 
percent of the hybrid plants and 9.5 piTcent of the open-pollinated 
plants. Since the difference of 1.5 percent is of no practical importance, 
seven borers would have caused the breakage of an average of 10.3 
percent of the plants, or 1.47 percent p(*r borer per plant. In tlie 
absence of borers about 7.0 percent more of the open-pollinated than 



Table 3. — Breakage of plants of Clarage corn at difftrent Icvt'ls of population of On Emopenn aon borer, northivestern Ohio, 1929-32 
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PLANTS BROKEN (PERCENT) 


BORERS PER PLANT (NUMBER) 

FifU’RE 2. Total |)(*ro(*n(ag(‘ of brokon plants (a) and i)orcentago of plants 
broken Ixdow the <*ar (6) at diff<‘rent levels of borer infestation in the Clarage 
variety of corn. 



Figure 3. — Percentage of plants brokon below the ear of open -pollinated (a) 
and hybrid (6) strains of corn at different levels of borer infestation. 
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of tho hybrid j)lauts would have been broken, and at a level of seven 
bonu-s about 5.5 percuuit more, indicating that the hybrids W(‘re the 
more tohu-aut with n^spect to breakage. This was tru(\ howc'ver, 
only because they stood up better without fweakage in the absence of 
bort'rs. 

SUMMARY 

Th(' amount of injury to the miality and yield ot tlu^ (*ars of fii^d 
corn and the breakage of the stinks by infestations of tin* Eurojxain 
corn borer {Pyrausia nubilalis (Hbn.)) w(»re determined for hybrids 
and for the Clarage variety and otlier open-pollinated varieties in 
Ohio from 1929 to 1933. The various strains wer(» subject('d to 
different knowui levels of borer population indueed by placing egg 
masses on the plants by hand. The regn^ssion of th(‘ factors studit^d 
on the borer population per plant was d(dermin(‘d. 

The n'duction in the tnark(dal)le yield oc-euriTd througl» an increase 
in the number of earless plants and plants bearing unmarketable ears 
and through a reduction in the size of the ear on all tlu' plants biairing 
marketable (^ars. 

The total redu(‘tion in marketable yi<‘ld ptu* acre jxu* bor(»r p<T plant 
was e(iuival(*nt to the yield of about 292 hybrid or open-i)ollinated 
plants bcairing marketable ears in the absiuice of borers. The size of 
the mark('table ears was rcnluced about 2.50 per<‘ent p(T borcT p(‘r 
plant in both the hybrids and tlie open-pollinatcil varieti(‘S. 

On th(‘. basis of the marketable yield in the absence of borer's, the 
marketable vield of the hybrids was reduced 2.99 pc'rcc'ut and that of 
th('. open-pollinated varieti(‘s 3.64 ptTcent jx'r bonT p(»r ])lant. The 
hybrids were tlu'refon* more' tolerant to the bon'r than tlu^ opt'ii- 
pollinated varudies. This advantage was due to the difference* in tin* 
rate of increase per borer per plant in tin* numbtu* of (*arl(*ss i)lauts 
and of plants bearing unmarketable eai*s ])er acre. 

About 3.5 p(*rceut of the hybrid plants and 10.5 percfait of tlu' open- 
pollinated plants would have been broken below the ear in the absence* 
of borers. Up to seven borers per plant the jnTceuitage of ])lants 
broken below tin* car of both types of plants increased at tin* rate*, of 
about 1.47 per borer per plant. The hybrid plants there‘fe)re showed 
less breakage in the* presen(*e e)l boreis e)nly b(*cause the*y ste)e>d up 
better without breakage in the abse*nce of borers. 

In the Clarage vari(*ty 59.0 perce*nt of all bre)k(*n plants, e.\e*luding 
broken tasse*ls, we*re» broke*n below the ear on plants infesteel at levels 
up to 10 borews per plant. 
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INHERITANCE OF RUST REACTION IN A CROSS 
BETWEEN THE FLAX VARIETIES 
BUDA AND J. W. S. ' 


Hy H. II. Fi.ou 

Palhologiai, l)ivi«toh of Otnil Cropti and Dise-ose.s, Huh an of Plant Indiisin/, 
Vmivd Staffs l)t patt nurd of Agncul* urt- 

INTRODUCTION 

Tlu* (lis<‘()V(*ry of pliysiolo^u* spucializHtion in Mclantpsftra Uni 
(Pits.) I^.v. iu Xorlli iuul South AiuiTii^a and in Kui*o])(‘ (S, 4 , 12. IS)^ 
has complicatial tlH‘ study of factors conditioning rust n'action iu 
cultivated flax {LInutn nsltafissunutn L.) as \v(*ll as tin* dcvidopnicnt 
of rust-r(‘sistant varii'tics. On th(‘ basis of th(M‘(‘action of varicti(‘s 
i>f llax, .‘12 |)hysioh»u:ic rac(‘s hav(‘ h(‘cn diflVriMitiatiMl, 24 from North 
and South AnuTica ( ^ from Europe {/2). No vari(‘ty is known 

to l><‘ immuiK* from all the ])hysiolo^ic racis, but 2 or mon* of tlie 
diffiTiuitial varied i(‘s are immun(‘ from any one ra(‘(‘ (,{). 

Henry iO) ri'portcal that an Argentine sideidion tind the variidii^s 
Bombay and Ottawa 77t)li witi* immmu* from sm eral coll(*(*tious of 
flax rust from North AnuTica and one from Europe'. In a study of 
the' iiiheTiiance of immunity from a N(»rth AmeTie*an colle'ction of rust, 
in (Tosse's involving these varie'tie's, he founel that immunity was con- 
elitioiU'el’Tiv a single ejejininant factor in the' varietie's Bombay and 
Ottawa TTtTR ami by e'itheT of twoHominant factors in the' Argemtine' 
sele'ctieuis. Mye'rs ilO) studii'el the' inluTitane'e' e)f re'action to a field 
e'olle'e'tion of flax rust ami te) a single ]>hysiole)gie* rae e' in 'M e'rosse's 
inve)lving 17 varie*ties eu* strains e)f flax. He' feiunel that re'ae‘tie)n te) 
both the' colh'ction ami to the single pliysie)logie‘ race*, e'xce'pt for minor 
diffe'rence's pre)])ably attributa!)le te> e'nvireinme'iit , >\as simila anel 
that he' e'e)uld ace-e)unt for the' inlu'rilance e>f immunity, near immunity, 
and re'sistance' in the* varie'tie's he studie'd by assuming faetors in two 
allelic seuie's, L and M, L and M we'ie dominant eluplie'ate factors 
e'omlitioning immunity; /” ami np wtTe* hypeistatic te) L anel M and 
cemelitione'el ne'ar immunity; ami 1^ and we-re' hypostatic to L and M 
and /” and /a" and conditione'el re'sistance'. He' was unable to inteTprel 
on a factorial basis se'gre'gations of e*re>sse's inve)lving the' varie'ties he 
de'signate'd as si'iniivsistant, e'xce[)t. by elisivgarding the' eliffeTence' 
be'tween se*mire*sistance and susceptibility iu the' proge'iiy. With the 
('xce'ption e)f Ib)mbay, which is susceptible* te) race* 24, all the* varietie*s 
stuelie'd by both Heuiry and MyeTs wiTc susceptible te) rae'e* 22. 

No studic's have been made iu flax in A\hi<‘h a varie'ty ivsistaut to 
one physiole>gic race* e>f the* rust fungus ami susce'ptible te) another 

» Koirivod for publu'at ion May If), llMJ C’ooiM'ratuc mM'^lipalions In ihi' North Dakota A^tricultuial 
ExpiTimt'nt Station and tho Division of Cvroal (’rop‘<and Di.s<‘asos, Buroaii rif J'lani Industrj , V S Depart- 
inont of Ajfriculturo 
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race li«s boon crosscHl with auotluT variety r(‘a(*ting in a reverse maii- 
n<*r to the two races. Such studies made with wlu'at vari('ties, 
involving resistance^ to Puccinia gram In is trifici Eriks, and Henn., 
have' sliown that it is pe)ssible to obtain hyl)rids homozygous feu- 
resistance' to both races, otliers homozygous for susceptibility to both 
races, and still e)theTs that reae*t like the' parent varietie^s (6*, 7, S, 
11). Aamoelt (i), howeve'r, founel that the fae'tors for susceptibility, 
te> physie)]e)gic rae*e 1 of P. graminis trifle! in Marepiis, fe)r mexle'rate 
re'sistance' in Ke)ta, anel for immunity in Kanreel we're allelic, (ie)uld('n, 
Neatby, anel Welsh (6) concluded that the Marquis factors fen- high 
re'sislance to race 14 of P. graminis tritici we're' alle'lomorphic to the' 
H-44-24 fae*,tors for me)ele'rate re'sistance te> race 21, so that it was 
impe)ssible to obtain a hybriel e'ombining the re'sistance of both pareuits 
to tlu'se two race's. 

The en-iginal objee*t e)f the pre'sent study was te) de‘te*rmine‘ the' 
inlu'ritance of fae'tors ce)nelitieniing rust re'ae'tieni in a cross betwe'e'ii 
twe) varieties of flax use'el to eliftVre'ntiate j)hysiole>gie' races e)f the flax 
rust fungus anel known te) react reve'rsely with re'spect to immunity 
anel susceptibility to physie)logie* race's 4 and 7. The inve'stigatieui 
was expandeel to include a stuely of the inheritance' of adelitieinal type's 
of rust reactie)n involving physiole>gic rae'.e's to whie-h (1) be)th pareuits 
we're immune; (2) e)ne pare'iit was immune' anel the' other (a) re'sistant, 
(b) sc'mire'sistant, (c) mode'rate'ly susce'ptibh', e)r (el) susceptible; (.>) 
one', pare'iit was susceptible and the othe'i- mode'rate'ly susce'jitible; anel 
(4) both pare'iits we're susceptible. The weirk was eleuie at the' Neu'th 
Dakota Agrie'ultural p]x])e'rime‘nt Statieui, Farge>, N. Dak. 

MATERIAL AND METHODS 

Ame)ng the' eTe)Sse‘s maele* in the gre'e'nhe)use' in inve)lving the' 

variedie's the'ii be'ing used te) eliftere'iitiate' the' physie)le)gie* race's e)f 
Melampsora linl, was e)ne‘ betwe'e'ii Hilda ((\ 1.^ 270 1) anel rl. W. S. 
(C. I. 708 1). Buela is suse‘e'])tible' te) rae'e* 4 anel immune freiin rae i' 
7, and J. W. S. is immune from rae-e' 4 anel suscejitible' te) race 7. 

Table 1. — HeacAion of Bodn and J. ir. S. to 2/^ phtfstoloptr racos ot thr flax ios( 

Jong (IS 


K«>aoti(in > to ph>s}oln>r»(' ran' 


Variety I 

' 2(1 

1 

1. ri (>. M), :i, H, 17, 

and J1 IS. and 23, 

2. 12. 
ami 24 

4. S. IW, ' 
and 22 ^ 

7 ' 

i:. 

' oan<l ' lhand 
13 i 21 

Buda - 1 

H+toK- SK 1 

S- 

' S 

1 : 

SH 

' s - , s 

J.W.S 1 ' 

1 

I ■ I i 

1 

I 

J 

s j 

1 

s 

i s s 

1 I*imniune; K-f-hi^hl.v 
8—“* moderately .suM*ei)ti))le. 

resistant. K “resistant, 
and' S - suseeptjbh' 


model Htelv 

resistant, 

SJ<“seiniresistaiif , 


The re*a(‘tion of the two ])arental varietie's is shown in table' 1. 
The variety J. W. vS. is e'ither immune from or susceptible' to e'ach of 
the 24 physiologies race's of the flax rust fungus that have be'en identified 
from North and South America. No difficulty has been ('xpt'i ie'ne'cel 
in determining its reaction e'ven uneler adverse* conditions for gi-owth 
of flax. On the' othe'i* hanel, the' reaction of Hilda to diflerent physie)- 

* 0. 1. refers to acc.'*ssion number af the OiMsion of Cereal Crops and Diseases. 
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r«(*(‘s niu^(‘s from immunity, llirou^h tin* intiTnuMliato 
to sus(*(‘ptil)ili1y. Not only is tli(‘ range* of r(*a(‘tion of Buda (\\tr<‘m(*ly 
wide, but tlu^ int(‘rm(‘diat(‘ n^actiou typ<*s ar(‘ s(‘usitiv(» to euvirou> 
mrntal conditions, so that it is n(*c(*ssary to <‘xcr(‘is(* caution in in- 
t(*rpnding n^sults. En\ ironmcntal conditions that affect adversedy 
tli(‘ growth and vigor of the*- (lax plant also d(‘pr(‘ss rust de'Vedopmcnt 

All j)has(*s of tlu* t(‘sts weTc <‘onductcd in the gre(*nhoiise during 
the* late* fall. winteT, anel e‘arly spring e)f the yeans 1934 to 1939 in- 
(‘lusive*. Insects we‘re‘ ke‘j)t imeleT e*ontrol at all time*s, and no evideuice* 
of natural crossing l)e‘lwe‘e*n the‘ flax varie*ti(‘s in the* greeuihouse* was 
e)l)S(*rve*el. Early m tliese* inve'stigatiems it bea-ame* e‘vide*nt tliat 
ce)nsist(*nt rust re‘aelings e*e)uld be* obtaineel only on vigem)usiy grejwing 
plants e)f about tin* same* age, gre)wn unele*!* similar e*nvironmeaital 
ee)nelitie)ns, Te)pse)il (Earge) clay) from the* e‘xpe*riment statiem fie*lds 
was femnel supeuieu* te) nume*rous variatie)ns e)f te)pse)il, sand, anel 
e*ompe)st, and it was use*d e*xe‘lusive*ly in the‘se* trials. The* same* soil 
was iise*el re*peate*elly threuighe)u( the* ye*ar but was ste*ameal feu* 2 
he>urs at 15 pe)unds’ |)re‘ssure* prior te) e‘ae*h se>wdng. As the stuely 
])re)gre*sse*el. it was fe>imd that flax see*ellings growing uneh*r the* le)w* 
light- inteusitie*s anel she)rt elays that prevail eluring the* winteu* me)nths 
w'e*re* more* thrifty if the* gre*e*nhe>use te'inpeTature* was relatively le)W 
anel the* se)il ratheu* elry. A night te*mpe'rature' e)f 55® te) (>0® F. anel a 
elay te*mpe*ratur(* e)f te) 7t)® weue* fe)unel te> be* me)st satisfae*te)ry. 
A lb-he)ur light elay was maintaine*el by sup])l(*m(‘ntal illuminatiem 
fre)m 20()-w;att Ma/ela lamps eluring the* pe*rie)el e)f pustule* fe)rmalie>n. 

Pre‘liminary te*sts hael ele*me)nstrate‘el that as many as five* flax 
plants ce)ulel be* grown te) maturity in a single* f)-ine*h pe)t anel that 
the'se* plants weudel |)re)elu(*e‘ su(licie*nt se*e*el feir a statistical analysis of 
the* progenie*s. Thre'e* Fj se*e*els w’e‘re* se)wui pe*!* pe)t anel five* ¥> se*e*els. 
Twe) se‘ts e)f Fj plants wi*re* ine*liiele*el in the'se* te'sts. Eae*h ¥> l)hinl 
gre)wn eluring the* winte*!' e)f 1935 3b was i!U)culate*e] with physie)logie* 
rae*e*s 4 anel 7. In adelitie)n. seenn* e)f the* Fj plants in this se*rie*s we*re 
subse*ejue*ntly me)eulate*el with rae*!* 3, 13. 19, e)r 20. The:)se gre)wn 
eluring the* winte'r eif 193b 37 W'e*re* iiu)e*ulate*el with physie)le)gic race's 
3, 4, anel 7 The* two F^ ])lants that supplie'el the* F 2 se*e*el uscel in 
I93)b 37 we*re‘ elilfe‘re*nt fre)m the* plants that supplie*el the* se*e*el use*el 
the* pre*vie)us Ae*ar. He*ciprocal e*re)sse*s we're* stuelie*el, but sine*e* the* 
eliffe*re‘ne*e‘s in the* re*ae*tie)n of the* pre)ge*nie*s wvre* ne)t statistie*ally 
signifietanl , the* elata have* l)e*e*n (*ombine*d. 

Except lor mine)!- variatie^fis, the* me*the)els of ine)culatie)n previously 
ele*ve*le)pe*el {S) for the physie)U)gic-race* investigations were useel 
thre>ughout the*se* te*sts. T\\v uiveliospore ine)culum e)f each rae*e* was 
incre*ase*el e>n a suse*e*pt ible* vane*ty, anel the* spe)re‘s were* e*olle*ete*el in 
glass vials anel ste)re*el at 4® V. Whe*!) the* se*e*ellings W’e*re* 2 te) 3 inehe'S 
tall anel hael b te) 10 lt*ave*s tlu'V we*re* ine)e*ulate*el by elusting ure*elie)- 
spore's, with a <*ame*rs~hair brush, on the* unfe)leling Je*ave*s of the* 
terminal biiel. The plants were place*el in a me)ist chambe*r, spraye*el. 
anel incubate*el e)ve*rnight (18 hours) anel re*turne*el te) the* gre*e*nhouse* 
beuich. Pustule'S broke the epiele*rmis of susceptible* varie*tie*s about 
10 days afte*r inoculation. In the*se trials it was peissible* te) te*st e'ach 
plant with from twe) te) five* physiologic races by reinoculating the* 
plants with diffe'rent race's at intervals of 7 to 8 days anel picking off 
the leave's previously inc^eulatc'd as seion as the* rust hael eleve*lope*d 
suflicie'iitly to diffe'rentiate* the type e)f ])ustule*. The* type of infe'ction 
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produccnl on ('acli plant was recordcMl and tlu* plant ta^gt^d witli 
colonel yarn indicating a definite^ redaction to a specific race of rust. 

As a result of severe rust infection, susc('ptibl(‘ seedlings, if not 
killed directly, an* w'eak(Uied and often die before tlu’y mature seed. 
Since it was desirt»d to obtain se(*d from each F2 plant, care was tak(*n 
to apply th(» inoculum to only a few l(‘aves. Tli(*se were less h(‘avily 
inoculat(Hl than was customary iii making physiologic-rac(* deter- 
minations or in the subse(iuent leasts of F3 lines. Devspite' th<\se pr(‘- 
cautions, sorne^ of the' F2 ])lants were so sev(r‘(dy injunrl by th(‘ first 
test with a race to which th(\v were' susceptible' that subseepu'nt te'sts, 
with race's to which tlu'V we're re'sistant, we're* inae'curate'. This 
difficulty was circumve'nte'el in the te'sts e)f the F3 line's by using the* 
race's to whiedi both parents were re'sistant in the e'arlieT inoculations. 
The plants thus maintaine'el a nmre nemnal gre)wth, and ceunidications 
elue te) reinfe'ction wr're large'ly aveueleel. 

Te'sts of F3 lines were' cemducte'el in the* same manne'r as were* the>se' 
of the F2 line's e'xcept that eight ])lants were grown in a 4-ineh pe)t, 
because it was usually not ne'ce'ssary to gre)W the plants to maturity. 
Four pots sown with e'ight se'eels per pot feunu'el the* unit in te'sling F^ 
lines. Whe'ii eloubt e'xiste'el as to tlie accuracy e)r seifficie*ncy of tin* 
te'st, aelditie)nal units were* se)WTi if se'e'el was available. In se)me' case's 
checks on the accuracy of the rust re'aelings we're* maeh' by gre>wing 
the Fjj plant to maturity anel eh'te'rmining the* rust reae'tion e)f the* F4 
proge*ny. 

For classifying rust re'actie)n e>f flax plants, Mye'is { 10 ) eh'vise'el a ke'V 
comprise'el of 11 classe's, from 0 to 10 inclusive*, base'el upe)n e'xtent anel 
type of infection. IIoweve*r, he* was unable* te> folle)w it ce>nsiste'ntly 
in interpre'ting his re'sults. Fe)r instance, se'e'el from the* Bise^n pare'iil 
produce'el plants that range'd in ivactiem fiom class 2 te) edass 10 but 
gave* no e*vielence e)f se'gre'^ation. He state'd that his class 4 anel r» 
re'action (se'miivsistant) was ne)t very sharplv elifri‘re*ntiate‘d ge'iu'tically 
from the susce'ptible*. To gi\e* a factorial inte'rpre'tatiein eif his 
re'sults, lie* found it iK'e'e*ssary to greiup ('lasses o to It) eir (> to 10 toge'the'r 
as siisee*ptible* and chisseis 1, 2, and 3 as re'sistant. The* inedusion of 
e'xtent of infection in his classification appears te) have acce*ntuate'el 
difficult ie'S in classifying the* re*action of the inelivielual plants gre)wn 
unde']’ greenhouse conditie)ns. 

The* following ke'y to classe's of host inaction anel infection ty])e*s as 
used in differentiating |)hysie)le)gic race's of Mdampsora linl (fi) serve'el 
as a guide* for classifying the* rust re'action of the inelivielual |)lants in 
the ])res('nt te'sts. 

nf rnxt mlrchon 

(0) Xo ure'dia hyperse'iisitive* Ue‘ck« or 

iui(!rotic k'sions usuuliy pri'Kont, hut soine*- 
tinics th(!re is ikj (‘vieie'uce of infection. 

M) Tre'dia minute to small, rare*ly e‘\tt‘ndin)? 
through the le*af, usually elistinct and scat- 
tered m clilorotic to neejrotic arenas, hut in 
some cases pustule formation is not accom- 
panied by e'ithor chlorosis e^r ne*crosis of tlie 
surrounding leaf tissue 

(2) I'redia small I -0 medium, associate'd \sith dis- 
tinct necrosis of the leaf: may he scattered 
or may form crustlike aggregations in 
netTotic areas; if isolated, usually are* sur- 
rounded hy a necrotic zone. 


(Masses of host reaction: 
Nearly immune. .. 


Resist ant- 
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< 'la.ssos of host reaction Continued. Tuj)es of runt infection 

Seniiresistjini ) I’redia varialile; heavily inoculated areas 

necrotic, willi arrested ])ustule develop- 
ment; m(‘dium to largo ])ustules procJuced in 
healthy tissue adjacent to necrotic areas; 
pustules on stem and cotyledons small but 
with no e\ideiu?e of hypersensitivcness 
M(Kl(‘ratel\ sus(U‘pt ible (.‘^i I redia medium to large; well-developed but 

not compound; usually extending through 
the leaf to both surfac(*s; development some- 
what retard(‘d on older leaves and in heavily 
infect (‘d port inns of the* younger lea\ es; tissues 
adjacent to uredia ma\ liecome more or less 
chlorotic as the ])ustules mature. 

Susce))t ibl(‘ I |) 1 redia large and, if isolated, usually compound, 

e\t(‘nding through leaf to brit h surfaces; at 
first h‘a\es show httl(‘ chlorosis but lat(*r may 
b(‘come chlorotic and die prematurely. 

Ill this k(‘y, I lie nuitdion chiss is (letcTniiiHul hv th(‘ typt* of ])iistu]e. 
Ill tli<‘ siihdiN isions of lh(‘ (*lass(*s of host rtuictioii, such as highly 
r(‘sistn!it, nio(lcint(‘ly resistant, inodcTattdy siisc(‘plihl(‘, and siisccpti- 
l)h‘, consiih'ration is ^iviui to th<‘ <‘\tent of inf(‘ction as manifested by 
th(‘ i(‘hiti\e nnintnu', siz(‘, and sporulation of pusttih^s. 

EXPKKIMKNTAL RESULTS 

HKAt’TlON OF Fi PI.XNTS \N1) PKOOKN'i OF PARENT PLANTS 

Tlu‘ Fj pliints of Hilda / d. W. S. were ininuim^ from ract‘S 4 and 
7 of Mdatn psttni linl, indu'atin^ that th(» factors conditioning iininunity 
W(‘re dominant in tlu'se varii‘ti(*s. jis W(‘ll as tlios(‘ studied by Hcniry 
and Mytu’s {10}, Seed from th(‘ parent plants usimI in making tli(' 
crosses also was t(‘sied. That from the Hilda panuit was homozygous 
for susc(‘ptil)ilily to rac(‘ 4 and for immunity from rac(‘ 7, whih' that 
from tin* d. W. S. parent A\as homozyfrons for immunity from ract* 4 
and for suseejitihility to ract* 7. 

UE\('T10N OF F. PIANTS TO HA('ES 4 AND 7 

Tlie F-> plants g:row'n in tin* pvenhoiise dunnjj: tin* w inttu- of Ihdo :>(> 
are elassdiiMl in (al)l(‘ 2 a(‘eordin^ to tlimr nuiction to raci's 4 and 7 

r\nnF 2 lOdctidfi oi l'\ pUmts of liudn J IT. S to ph i^f^iologic inccs 4 and 7 

of (hi Jla.i > nst fnnQHs 


V. nlunt'' vlutw inu uuliciilt'U rraOimi 1(» raev 7 ^ ^ 


Ii( arlioii (if F: plane !<• raci 1 
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, SUMH'pUblr. 

'Potal 


\ii mht i 

.\ n hiIk } 

\ n intn r 

N u ml ter 

linintinr 


IX 


2<>0 

MJsci*ptibl< 

ss 
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0 

SS 

'I'oial 

‘J'»7 

IS 

;o 

:us 


' \ • for uniiunu' • I susfvptibU' to raco 4-c(ilA*t, I’ = a IK) to (» iifi. 

*' X •< for :t liiirmirn' 1 not immiiru* from raw 7= 19 W, /* ' 0 til 
' \ ^ for ]f) ri*‘'islai)t ainl inmnjnf ; J MiM*<'pf iblr to raw 7-<i207, 7' ^ b.bl 


of Mffam]fS(tra Uni. R<*siilts olitaimal from tests wdth ract^s d. Id, 
H), and 20 wt'rt' not suffici(*ntly inforniativi* to warrant tabulation. 



374 


Journal <)f Agi kultura! Hrurarch 


Vol tW, \() ; 


Eftch of 105 F> plants ti^slrd was imimiiio from rac(‘ 20. All plants 
tosl(»(l r('a(*t(‘(l tho saim* to race 19 as to ract* 4. Trsts with races ^ 
and 13 W(‘rc not satisfactory, as the plants had l)(‘com(‘ too old to 
consist (‘ntJy differentiate* int(‘rinediate inf(*ction types. 

A single* dominant factor conditions immunity from race* 4 in this 
cross as tlu* s(*gr(*ti:ation of 200 immum* to SS susc(*ptil)le V> plants 
ap|)ro\imates a 3 to 1 ratio, P lyinjr between 0.90 and 0.95. A])par- 
(*ntly, a modifying factor was inyolv(*d in the* r(*action to race* 7, as 
some* plants W(*re distinctly r(*sistant to this race*, while others were 
e*ithe*r immune* e)r suse‘e‘ptii)le*. Even if all plants not immune* frean 
rae*e* 7 we‘re* ce)nsiele‘re*el as a unit, fe)r a ratie) e)f 3 immune* to 1 not im- 
mune* was h'ss than 0.01. This su^^e'ste‘el t[»at the* te*st e)f the* Fj 
f)lants fe)r re*ae*tie)n te) race* 7 was not ace*urate*, e>r that r(*ae*tie)n te* 
this rae'e* was ce)nelitie)ne*el hy riiem* than e)ne* fae‘te)r. 

TESTS e)F Fa LINES WITH RAC^ES 1 AND T 

The* 348 F-, line*s e)f Buela X d. \V. S. are e‘lassifie‘el in table* 3 ae‘ce)rd- 
in^ te> the re*actie)n e)f the* ])re)j^e*nie*s te) race*s 4 anel 7 of Mtlampsoni 
lini. The* 88 Fj plants that were* susce*ptil)le te) race* 4 anel immune* 
fre)m race* 7 yie*lele‘el F^ pre)^e‘nie*s he)me)zy^e)us fe)r the* same* r(*ae*tie)n 
This e‘e)nfirme*el the* ae*e*urae*y of the* te*st e)f tlie* Fj plants fe)r th(*ir 
re*action to rae*e* 4. Of the 2t)0 line's ele*se*e‘nele*el fre)m Fo plants immune* 
fre)m rae*e* 4, 175 se*^re*pite*el for susceptible* anel immune* plants anel 
85 we*rc homoz 3 ^^e)US for immunity te) that rae*e*. The* fit e)f the* e)b- 
sorve*d rath) te) the* th(*e)retie*al 1:2:1 for re*a(*tie)n e)f the* 348 V\ line's 
to race 4 was close, P Wwv^ betwe*e*n 0.95 anel 0.98. 

T\ble 3. -Reaction ' of lines of Jimin • ./. U’. S. to fjhijsiologic laces \ and 7 

of the flax I nut J nng ns 


ParoTital F.* plaiifs . Fs proRonn**' buMrm n'acUon tf» rmi’s | ami 7 


Xiiinin r 


2ew 

]K 

33 


Total oi)S<*rvt d 

1 2.1 2 4 2*4 

Obsprvofl » ... . 

ExjMcted, 12 I ej 2 4 


e)bs(Tvt»l ^ 

ExiK*{‘t(‘d, 1 .21 


« See footnote 1, table 1. 

% x«=7.758; P=0.20 to 0.30. 

x**2.613; P*0.?0 to 0.80. 

4 P'^0.05 to 0.!M 

The progeny of each of the 51 F 2 plants that had not been immune 
from race 7 was honiozygoiis for immunity from race 4 and for some 
degree of susceptibility to race 7. In addition, the jirogenies of 34 
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of the 201 ) F 2 plants that had boen classed as immune from both races 
4 and 7 W(ue immune from race 4 and were eitlier homozygous for 
resistance or sc'gregated for resistance, semiresistan(‘e, and suscepti- 
bility to rac(‘ 7. Th(‘S(' 44 F 2 ])lants had r(‘sisted infection |>robably 

because' of the use of insullicient inoculum and because of the adverse 
effect on the vigor of the host of low light intensity during a ])rolonged 
c()ld pc'riod when the glass of the greenhouse was (‘ontinuously coated 
with li'ost. |)r<ig(*ni(‘s of (i of the* 44 1 % plants that liad been 

(‘lasse'd as sus(‘eptil)h' to race' 7 se'giTgated for suse‘eptible and resistant 
to se'iiiire'sistant plants. Appareaitly the' fae*te)r conditioning re'sistane'c 
te) rae‘e 7 in this cross was not e-eimpletely ele)minant and was sensitive 
te) e'nvire)nme‘nt , a.s the' re‘ae*tie)n e)f hete']e)zyge)us plants se)metimes 
approachi'd the' mexh'rate'ly susce'ptif)le. ()f the 84 F 3 line's that 
were heiinozygous lor immunity fre)m rae*e‘ 4, 27 were hofne)zygous for 
suse'eptibility, 47 se'gre'gate'd feu* sus(*ej)tible, M'lniresistant, anel 
re'sistant plants, and 21 we're pure for re'sistane'C te) race 7 . 

The' 174 F 3 lijie's he'terozygous fe)r reae'tion to race 4 were hetero- 
zyge)us alse) for reae'tion te) rae*e 7. All plants of 41 line's we're either 
suse*e'j)tible' to one rae^e' and immune fre)m the other e)r immune fre)m 
both. Kae'li of tlie' remaining 144 line's containe'ei plants liavhig a elis- 
tinctly re'sistant re'actiem te) rae'e 7. In 77 of the'se line's e)ne e)r meire 
plants we're highly suse*e‘ptible to rae-e' 7, anel in the' re'inaining 47 line's 
till ])lants were e'ither re'sistant or immune. Sine'e' eae'h e)f the 10,440 
F.i pituits as we'll tis e'ae'h of the 44 S plants te'ste'el was immune fretrn 
either race' 4 or nice 7 or from lieith, the factors e'e)nditioning immunity 
frenn race' 4 in fl.W.S. anel freim r:ie*e' 7 in Buda appare'iilly were^. in 
one alle'lie* series. 

The'se' re'sults suggest that Buela alse) e’arrie's a factor for ivsistance 
to riu'c 7, inde'penele'nt of anel hype)static te) the immune fae‘te)r. If 
this hy|)othe'sis is e*orre'ct, the ratie) of F^ line's for re'ae'tiem to race 7 
woulel approximate 1 re'sisttint te) 2 re'sistant anel susceptible to 1 
susceptible to 2 immune and resistant to 4 immune, re'sistant, anel 
suse'eptible te) 2 immune and suse'cptible te) 4 immune. 

The fit e)f the e)l)serve'el ratie) to the theeiretical was gooel (table 4), 
P lying betwe'e'ii 0.20 anel 0.40. Tlie greatt'st deviation from the 
the'oretie'al elistribution was in groups heterozygous to race 4 and con- 
taining plants having a re'sistant re'action to race 7. The^re were too 
many line's containing e)nly re'sistant ami immune plants and toe) few’ 
having suse'eptible, resistant, anel immune plants. The criteriem feir 
separatieui of the'se 2 greupis was the e)ccurrence of plants suse'eptible 
to race 7. In a sample e)f 42 plants the thee>retical elistributie)n for 
react ie>n te) race^ 7 in e)ne gre)up w'as S resistant te) 24 immune and in 
tlie other, 2 suse'eptible te) 0 resistant te) 24 immune. The thee)retical 
e?xpeetatie)n of e)btaining no susceptible plant in a random sample of 
42 from the latter group is 0.134. Therefore, it is pre)bable that ap- 
proximately 1 1 of the 47 F 3 lines that hael only resistant and immune 
plants when te'steel w itli race 7 would have haei susceptible inelivieluals 
hael a larger sample been used. This is indicated by the close approach 
to the theoretical ratio of F 3 lines when these 2 groups are combined. 
F for a 1:2:1 :():2:4 distribution lies between 0.70 anel 0.80. 

KEACTION OF Fj PLANTS TO RAC'ES 3, 4. AND 7 

Tests of some of the ^"3 lines susceptible to race 4 inelicated a segre- 
gation fe)r resistance anel susceptibility to race 4. As adequate seed 



376 


Juvrnal of Agricnllurai liemirch 


VoJ. No. 7 


for Hclditional tests of a iiiiinber of the h\ lines was not available, a 
second series of infection studies was made in which races 3, 4, and 7 
were used on 237 Fp I)lants. The results are shown in table 4. 

As in the first series of infection studies, the fit of the F^ plants to a 
ratio of 3 immune to J susceptible to race 4 was {jood, P lying between 
0.30 and 0.50. The inoculation with race 4 preceded that with race 
3, and as a consequence all plants in any degree susceptible to the 
latter race had been weakened by the attack of race 4 and the sub- 
sequent stri])ping of infected leaves. This fact, together with the in- 
creased age of the plants at the time of inoculation and the adverse 
climatic conditions that prevailed during the period that race 3 devel- 
oi)ed in the plants, obscured differences in infection types. The segre- 
gation for intermediate reaction to race 3 was indefinite, but all plants 
that had b(‘en susceptibh' to race 4 wen^ attacked in varying degrees 
of severity by race 3, and all that had be(‘n immune from race 4 were 
also immune from race 3, 

The test of the F 2 jdants with race 7, although not wholly satisfac- 
tory, was better than the earlier one. The tit for a ratio of 15 im- 
jnune and resistant to 1 susceptible was satisfactory, P lying between 
0.30 and 0.50. However, P for a ratio of 12 immune to 3 resistant 
to 1 susceptible was less than 0 . 01 . Unless the iiifection is severe 
enough to stunt or kill susceptible plants, some that are int(*rmediate 
in reaction to race 7 a})f)arently escape or resist infection. 

Table 1.-- Cof relation tnbU nhotving /(action of b '2 plants of Ihnla )\ J, IT. S. to 
physiologic laces 4$ ond 7 of the flax i ust fungus 

{•lanl'' huMrifi iiuijf‘at<‘<| nwlio/i l<t 


Bace 3 

Ilk-o 4 ‘ 

I 

SU to H 

V. 

3 <itul 



' i\umh(r 

Am rnhf i 

\nintit'r 

A urnhtr 

I 

1 

HO 

1.5 

IS 

173 

K- lo >- 

< 




2S 


> 




3b 

'1 olul 


201 

1.5 

IS 

2:1: 


‘ See fuolnofe 1, table 1. 

^ X* for 3 1 I S to nuv 4 -O.fiOH, /*=() 30 to 0 .50. 

“ X* for 1.5 I and SH t(j R . 1 S to race 012. 1*^0 30 to 0..50 

TESTS OF Fj LINES WITH HA(’ES 3. 4, AND 7 

Tlu‘ rust r(»action of 26 to 157 plants from (uich of tin* 23() F^ lines 
was determined by successive inoculation with ra(*(*s 3, 4, and 7 as 
previous!}" outlined. Adverse growing conditions, esp(*cially during 
January and February, interfer(*d with tlie accuiratt' reading of inter- 
mediate reaction to races 3 and 7. Later, during the spring months, 
wdnm conditions in the greenhouse w"ere more favorabh*, for growth 
of the host and for rust development, tests of lim*s having plants of 
doulitful reactions w"(»r(‘ repeated, and satisfactory results w^eni ob- 
tained. When group(*d according to tiie diversity of reaction of each 
F 3 progeny to racers 3, 4, and 7, the 236 P's hiH^s fall into the 9 (‘lasses 
listed in table 5. 
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5. — Hvaclton ^ hnrs of Huda X J . . S. ht pfn/siohtgic racvs 4ynn(i 7 

of thf flax 7usl fungus 


Kcaclicn cf Vj pliinlsto - Itcaction of Fj plants to- 
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2.9. 
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* See footnote 1, table 1. 


Nont* of Ili(‘ 12,()41 plants in this t<‘sl was snspt^ptiblc both to race 7 
and to (‘it her of rac(‘S 'A or 4. 'i'his fact, as wi'll as th(‘ Ixdiavior of 
the Jin(‘s as ])r(*scnt(‘(l in table ‘A, substantiat(‘s th(‘ eoneliision 

tliat th(‘ factors eondit ioniiifr iinninnity in this cross an' dominant and 
alh'lic. Of tin* 2.'hi F*. line's t('st<‘<b (>4 W(‘r(‘ homozygous for suscep- 
tibility to race 4 and for immunity from race 7, 128 were licterozy- 
^ous, having ])lants immune' from botli race's, and 4t) we're homozy- 
gous for immunity from race 4 and for some de^n'ce of sus(*ei)tibility 
to race' 7. This obse'rve'd ratio tits satisfactorily the the'orclical 
1:2: I, lyin^ b(*tw'e'(*n O.oO and O.ot). The' reaction of the' F^ popu- 
lation in the' 8 j^roiips of line's havinir characte'ristie* re'action to race' 4 
indicates that the' si'inire'sistant re'action to race 8 and the re'sistant. 
n'action to race 7 are' incomple'te'ly dominant to suse'eptibility (fi<j:. 
I, ^1, e/, b: B, a, b) and are' conditione*d by factors inde'pende'iit of and 
liypostatic to the* factors condjtionint*; immunity. ()f the 04 lines 
susce'ptibh' to race 4 and immnne from race 7, lo we're liomozy^rous 
for suse'eptibility to race' 8; 27 were' lieterozy irons, liaviiiir l)oth se'ini- 
re'sistant and susce'ptible plants; and 22 were' homozygous for semi- 
re'sistance. The' B for fit of tliis distribution to the tlu'ore'tical 1 : 2 : 1 
lay bet w e'en 0.20 and 0.80. Of the 128 line's lie'terozyirous for im- 
munity, 27) w^ere' homozygous for the' re'sistant factors, as all ])lants not 
immune from race's 8, 4, and 7 were eithe'r se'iniresistant to race 8 
and immune' from lace' 7 or re'sistant to race 7 and immune from race 
3; 60 WH're he'terozygous for tlie re'sistant factors; and 82 were ho- 
mozygous for the ree'cssive' susceplihilitv fae'tors, as all plants not 
immune from both race's 8 and 7 were e'itlicr suse'e'ptible to race 8 and 
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iminuiH‘ from nice 7 or suscM'ptiblo to met* 7 uml immuiK' from rnco 
Tlio fit of tlu* ol)sorv^(‘(l ratio of lin<‘s to th(' (wpoctod 1:2:1 for 
so^n'pition of tin* rosislaiit factor in this lu*t(*rozy^oiis immiim^ jz:roup 
was |?oo(l, P lyin<x hctwccai OJIO and 0.50. Of the 49 h\ liiK's iinnnm(‘ 
from races 3 ami 4, 11 were homozygous for nsistanci' to ]*ace 7; 21 
were h(4(‘rozygous, having both snsceptil)le and resistant [)lants; and 
17 were homozygous for susceptibility. The fit of the obs(UV(‘<l ratio 
to the calculat(‘d 1 : 2 : 1 is satisfacdory, iMyin^ b(dw(*(‘n 0.20 and 0.30. 

M^'ers ( 10 ) concluded from hisstudi(‘s lluit a single dominant factor* 
(*onditioned immunity from a <*oIlection of rust and from iac(‘ 4 in 
Ottawa 770B and that (\ I. 43S carritHl tlu' saim* factor for immunity 
as Ottawa 770B. Ilowc'ver, (\ J. 43S is susceptible to and Ottawa 

Pi|jl)t)0<00) 

6 c. d 



FirjirRE l.— R( ‘action of hoinoz\gous and h(‘tcro/>ygou^ segregates from ttu' 
hybrid Buda X •!. \V S. to physiologic race 3 and 7, showing ttie dominance of 
tlie immune factors V and IJ and the incomphde dominance of the resistant 
factor R. .1, Race 3' u, DL^rr: h, IJ/JRr, r, I?VRH: and d, JJIJrr. R, Race 
7: n, L“L-rr; h, iJLOir, c, IrLOiR, and ti, IMJtr, Natural size. 

77()B is immuiK' from lact'S 19 and 20; so it is probabh* that the factors 
conditioning immunity in these 2 varietit's an* all(*li(‘ rath(‘r than 
identi(‘al. Both Ottawa 770Fi and (\ I. 438 were immune from tlu* 
strains of rust used l)y My(*rs, so that, this differ(*nce in reaction of tlie 
vari(*ti(^s was not discernible in his tests. Pn'liininary studies of tlu* 
writer have indicatc'd that the factor conditioning immunity from 18 
ra(*(is, carri(*d by J. W'. S., is allelic to the factor of Ottawa 77()B con- 
<litioning immunity from 23 races. Myers d(*signated the* pair of 
immunity factors of Ottawa 770B as LL, As indicated in table 0, it 
is proposed to designate the factors conditioning immunity from race 
7 in Buda as U D and the factors conditioning immunity from race 
4 in J. W. S. as U L\ Tlu* relation of the factors conditioning s(*mi- 
resistance to race 3, carried by Buda, to Myers^ MM series of allels 
conditioning rust r(»aetion is not known, tlntil this relation is de- 
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l(‘rniin(‘(l, j1 is pi'oposc'd to (l(‘si^iialr lli(‘ s(‘nnr(‘sistant factors carric'd 
by r^iida as ltl{ and tin* r(‘(*(‘ssiv(* all(‘ls in d. \V. S. as n . On tin* ))asis 
of this hypotli(‘sis, the liiu's an* ^roup(*d in tabh* (> according to tli(‘ 
Fm j^(‘notyp('s, as indical(‘d by the r(‘action of lb(‘ F;i ])opulation to race's 
4, and 7. Value's e)f x' lor fit te) the* e'Xpe'e-te'el ratie)s feu’ e‘ae*b e)f the' 
se'L^re'^at ino' line's we're' e*alculate*el, anel the' value' e)f was ele'te'rinilU'el 
lor e'ae-h. Of the' 171 F.^ lines se'^re'pit in^ ioi* rcae‘tie)n te) rae*e's d e)r 7, 
the' fe)r 1 line* lay be'twe'e'ii 0.01 anel 0 . 02 , the* P fe)r o line's lay be'twe'e'ii 
0.02 anel O.Oo, anel the* P lor lOo line's was irre'ale'r than O.Od. The* 
fe)rinula o:i\e‘n by Fisbe'r (2), ^ 2x“— \'2// — 1 . wIk'Ii applie'el te) the* 
sum e)f the* x" value's e)f the* 171 s<‘^re'<>:at inj^ line's, pi ve* a neirnial e!e'\iate' 
of 1 ,47S i 1 , sbeiw in<:* that t be* elata are* in ae‘e*e)rel with the* bvjieitlie'sis. 

(i St{fn(f(i(ton jni A'j (ftuoii^fKs lu Hu(ht ’ ./ O' S. ns nuitcnlui Inj the 
irnrtinn ttl I'\ Inn ^ ftt pin/stojofjir incts <tf the fhtx i i.st junqns 


'r’-iMi- 

\ or bvliri'l i j L’<'Tiot\ po rofujil 

l.iUo 


llud.i 
f W N 

A' /. nn 1 

L L n ! 

L I 

F: i/ ! t'l \ 

LL'rr 

rnnif i 

L-L nr 

UiJn I 


I'j liiH's 

Rem 1 toil of 

F ^ pl.Uit 

nil 

Ratio 


to 



of Fi 

- - 




Oh 




lAptMiHj 


R.im‘ 

R.icc 

1 Racf 

\ H Ih ht t 

\ a in hfr 





Ml 

<R 

> 

I 


Ml 

1 

1 

> 

11 H 

*2 Ml 

<R 

> 

1 


>“ 1 1 



I 


■' i i 

SR 

V 

1 

n s 

\:> All 

s 


1 


1 ‘ 

>R 


I 

h 


1 

1 

1 

I 

2 ., j j 

I 

1 

R 


1 1 

< 

s 

I 

' 

{ 

sR 

s 

1 

3 ! 

Oh < N 

I 

1 

1 


.{ 

1 

1 

R 


1 1 

I 

I 

S 

1 

1 1 


s 

1 

20 t'. 

; > 1 

1 

1 

1 


i 1 

I 

I 

s 

11 s ' 

11 Ml 

1 

1 

R 



1 

1 

R 

L”» e 

1 1 

1 

I 


11 s ■ 

17 Ml 

1 

I 

S 


' X =^“<1 2.V2 :e() fo )) :><i 

• loofnolo 1. t,atU* 1 

In table* i\ is re'ceirele'el tlu* numbe*r eif F.^ line'.s eie'se*e*nele'el fremi e'acli of 
the* tlie*e>re*tie'al Fj p'lieitype's, as indu'ate'el by the* re'ae'tiem eif tlu* F 3 

E laliem te) pbysie)le)^ie' rae'e's .*>, 4, anel 7, anel the* e*\pe*e‘te'd distri- 
)n of Fi plants from e'acli F> p'notype' lor re'ae'lion to tlie'Se* rae*e's. 
The* lit of tile* F<, line's to a 1 : 2 : 1 : 2 :4 : 2 : 1 : 2 : 1 elistributiein was piod. 
For tlu* 2dt) liiu's, P lay be'twe'e'ii 0.30 anel O.oO, iiielie'atinj; that llio 
(lata are' in a^re'e'iiu'nt with the' hypeitlu'sis. 

REACTION OF Fa GENeiTYPES Te) RACES DIFFERENTIATED BY BIIDA AND J. W. S. 

The' ceirre'hitiem of re'actieHi to various race's eif the* tlax rust fuiipis 
was stueheHl by inoculating plants of F 3 line's, wlmsc re'actiein haei been 
succe'ssivcly elctcriuine'el le> race's 3, 4, and 7, with emc or more of the 
folleiwin^ race's: 1 , 2, 5, S, 9, 10 , 10, 19, 20 , 21 , and 22 . Although 
a wide' range of re'action ceimbi nations was inclueleel in tlu'se' te\sts, 
there was no inelication e)f the pre'se'iice of facteirs eonditioning rust 
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rom*tion thiin lh()S(‘ nfrc^ctinj]: rac(‘s 1^, 4, and 7. Sinc(^ tho ag(' 

of the plant iidlu(*nees the expression of the internKMliate inf(‘etion 
ty[)es, th('S(‘ suppl(*iii(‘nlal tests on 40- to (iO-day-old jdants wen* 
not strietly (roin|)aral)l(' with those* of rae(*s 3, 4, and 7 on 20- to 
)^0-day-old plants. To obviate* this, a line was s(‘l(*e‘te‘d for stuely 
fre)m eae*h of the* fe)ur ^e‘n(*tieally elilferent groups that were homo- 
zygous for faeteus e*e)nelitie)ningnist re*aetie)n, as indie*ate*el hy the*, te'sts 
with raee*s 11 anel 7. Line* 7, UURlt, was similar to the Buda parent 
and line* 8, lJUrr\ f)e)sse*sse*el the fae‘te)rs ee)nelitioning immunity from 
rae*e* 7 hut la(‘ke'd th<‘ fae*lors e*e)nelitioning se*min*sistanee to rae*(* d. 
Line* 575, L^Urr, j>e)sse*sse*el the* faete)rs ee)nelitie>ning immunity frenn 
race* 4 and suse*e*ptil)ility te) rae*e‘ 7 of the d. W. S. parent, and line* 584, 
JJIJRR, hael in aelelition to the* immune* faedors e)f the d. W. S. pare*nt 
the factors that ce)nelitione*el se*mire*sistanee‘ io race* d in Buela. The 
re‘ae*tie)n of the* pare‘ntsanel e)f the*se*four K:Jin(‘S te)a rae*e* re‘pre*se*ntative* 
e>f e*ae‘h grou]) of rae‘(*s eli(r(‘re‘ntiate‘el by the* re‘ae*tion e>f Buela and 
d. W. S. is give*n in table* 7. 

T\blk7 Seedling rencitou to physiologic races (tf the flax rust fungus of Buda^ 
J. O'. >S'., and linfs of Buda Y J H". S. homozygous foi factois condition- 
ing rust leaf Hon 
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fdotnotr I, 1 

Hi \CI ION H) H \CK 20 

Both ])are*nt \ane*li(*s, Buela anel d. \V. S., have be*e*n ceinsiste'ntly 
immune fre>m laee* 20. During the*se* stueli(‘s 105 Fj plants as we*ll as 
nume*rous F3 line's, inclueling line's he‘te‘rozyge>us as we*ll as those* 
he>me)zyge)us fe>r fae'teirs e*e>nelilie)ning rust re*aetion, weTe* teste*el anel 
we*re invariably immune*. Howe*ve*r, the iminune* re*ae*lie)n eif plants 
having the* »L W. S. fae*te)r for immunity [JJU) was neit iele*ntieal 
with that eif plants having the* Buela fae*tor {IM^) anel was arte*ete‘el 
by e*nvirenune'ntal e’emelitieins. l^lants having the* immune* taetors 
e)f the* d. W. S. pare*nl te*ste*el in February, whe*n light is ele*ficie*nt, 
ele*ve*lope*el elistine*t ne*e*reitie lle*eks aiul a tenele*ne*v teiwarel e'hleireisis 
in lu'avily ine)e*ulate*el peirtions e>f the h*ave*s (fig. 2, ^1, u, i\ ('). In 
similar te*sts, e*onelue*te*el eluring the* latter part of March unele*r nieire 

Kicure 2. of the* parent \arieties Buda {L^DRR) and J. VA'. S. {L‘L-rr) 

and V 3 hybrid se‘gre*gate*s of indieuted genotype to physiologic races of Melamp- 
sora lint ditferentiate'd bv Hnda and J. W. S. d, Race 20, reaction iti inidwinter 
«, J. W. S.; 6, Rada; c, L^L^RR; d. JJlYr; and c, B, Race 20, reaction 

in sf)ring: a, JJJJrr; b, L^IJRR; r, L^L-RR; d, Buda; and c, .1. W. S. (\ Race 
5; a, /JLOt; 6, UDRr] c, U1JRR\ d, Bvida; and c, .1 W. 8. 7>, Race 1: a. 

IJDrr; h, L^DRr) c, l?DRR\ (/, ibida; and c, J, W. S. E, Ra(*e 17. a, DL^n; 
6, L‘L«/ifr; r, JJL^RR; d, Bnda; and c, ,1. W. S. d, > 1. B to K, natural 
size. 



(See le$;cnd at bo 
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favorable* growing conditions, necrotic lesions v\(*re absent and the* 
principal <*vid(‘nc(*s of inoculation were the distortion and slight 
stunting of h(‘avily inoculated l(‘aves and the* gray inycedial W(*ft 
left by the pTin tubes (fig, 2, H, c, e). In the* K(*bruary tests, the 
response to inoculation with race* 20 e)f plants having the Buela factor 
for inirnunily uas a slight fle*cking and elisteu-tion of the h(‘avily in- 
e)e*ulate‘el peu'tions e)f the* le*ave*s (fig. 2, .1, ft, r/), but in te*sts during 
the* latte*r part of Marclj the* l(‘aves b(*cann* diste)rte*el and de‘ve‘le>pe‘el 
e*hle>re)tic te) ne‘e*re)tie* It'sieuis (fig. 2, K, u, ft, d). Althe)ugl) no rueli- 
inentary ure‘elia have* be*e*n e>bse‘rve*ei in the‘se e*hle)re)tic to ne*cre>tic 
are*as, this re'spe)nse* was sugg(‘stive* e)f the* re*ae*tion e)f Buela to rae*e* o 
(fig. 2, (\ e/). If failuie to form ure‘dia is the* e*rite*rie)n for immunity 
frean rust, the‘n immunity is de*pe‘nele*nt not e>n e‘xe*lusion e)f the* pathei- 
ge*n but on the* limitatie)n ot its ele*ve*le>pme*nt. It is ne>t impre)bable‘ 
that, unele*r faveuable* e‘nvire)nn>e*ntal e*e>nelitie)ns, the* deve*lopment 
e)f race* 20 might be* e‘Xte*nele‘eI to j)e*rmit the* fe)rmation of ruelimentary 
ure*dia in tlie*se* e‘hlore)tie* te> ne*e*rotic are*as. 

ltK\< Tn»N To Hai KS 1 \\1> .“) 

Rjice* 1 IS a e*om])e»site* eif rae‘e‘s e)f re*stricte*e| j)athoge‘nie*ity as 
me*asure*el by ability to attae‘k the rust-elifferentiating varietie*s (3). 
The re*actie)n e»f Buela te) the elilfe'ivut strains e)f i‘ae*e 1 varie*s fre)m high 
re'sistance* thre)Ugh inte‘rme‘eliate ty])e*s to me)ele*rate* re*sistance‘. The* 
strains to which Buela is highly re*sistant (R-\ ) appe‘ar te) be* elistinet 
fre)m the)se* te) wiiie*h it is me)ele*rate‘ly re*sistant {R~ ), but their se‘])a- 
iatie)n is ce)mplicate'el by the* e)ce*urre*nce* e)f inte*rme‘el]ate* strains, se) that 
im])rae-tie*ably rigiel e*e)iitre)l e)f e*nvire)nme*ntal e‘e)nelitie)ns i*^ re*(|uire*el 
te) se*e*ure* consiste'Ut eli(l'(*re‘ntiatie)n. 

Immunity fre)m all strains e)f race* 1 anel freini race* o is ce)nelit!one‘el 
by the* 1/ factor e)f J. AV. S. (fig. 2, (\ t: c). Both fae‘tors that e*e)n- 

elitieui rust re*actie)n in Buela are* e)])e*rative‘ te) rae*e*s I anel o. l^ine* S, 
^ was ivsistaiit te) i’ae*e o ifig. 2, ( \ a) anel te) strains e^f race* 1 te) 
whie*h Buela was highly re*sistant, anel was moele*rate‘ly suse*e*piible* 
(fig. 2, />, a) te) (he* strains e>f rae*e‘ 1 te) whie*h Buda was nie)de*rate*ly 
re*sis(ant. Line* 7, IMJRR, was more* re*sistant te) rae‘e*s o (fig 2, (\ c) 
anel 1 (fig. 2, />, e*) than was line* S; anel he*te*re)zyge)us plants, UURi\ 
we*re* inte*rme*eliate‘ in re*ae*tie)n (fig. 2, (\ ft; />, ftb 

ltK\(TIO\ TO H i*:s 8 \\i) 17 

The se‘mire*sistant re*ae*tie)n e)f Buela elifre*re*ntiate*s race's 3 anel 17 
fre)ni rae‘e*s 5 anel 1, re*s])e*e*tive*ly. Line* S, L^Urr, w as susce*])tible* both 
to rae*e* 3 (fig. 3, a) and to race 17 (fii*. 2, h\ a). ]le)W'e*ve*r, the 
pustule's of the* latte*r race*, although more* nuniere)us, we're* smaller, 
and the* infe*cte*el leave's tendenl to die* pre'inature'ly, inelicating that 


Fie.i'HK 3 -He'aeaioii of tlie* pare'nl varie*tie\s Hilda aiul .1. \V. S. 

(L^Urr) and Vn hylirid segre'gate'.s e)f indicate'ei vie'aol vpt' to physiologic rae^es of 
Melampaora Uni eliffe*r(*iit iate'd bv Hilda and J. W. S. ^1, Hae^e 3: a, IJIJrr: 
6, i\ UUHR: Hiula; and J. W. S. II \hicc 7 * a, IJiJrr: b, l/L^RR, 

r, Jj^IJrr: d, Hilda; and J. W. S. (\ Raen* 4* a, UL^rr: b, L'IJRR: c, JJIJRR: 
it, Hilda; and e, .1. W. S. I), Rae*e^ 9: a, IJDrr: b, L^URR: c, L'l/RR: </, Hilda; 
and i\ J. W. S. E, Rae*e Kv. a, IJlMt: b, JMJRR: c, L^L'^RR; e/, Hilda: and 
J. W. S. Natural size. 
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tlioro was soiiio (l(‘gro(‘ of incompatibility b(»tw(‘(»n host and pathogen 
and that tlu^ factors, whih' inc/h'ctivt' to race 8, wt^rc not wholly 
so to race 17. TIk' rcaiction of line 7, UDlilt^ and plants hetej'ozy^oiis 
for th(‘ resistant factor, DL^Ri\ to races 3 and 17 also varied. Iso- 
lated pustules of rac(‘ 8 were lar^(‘ and the copiously inoculat'd rc'^ions 
of the leav('s bc'cami' rather sharply nc'crotic (%. 8, Ay 6 , d), Tlu^ 
pustuh's of race 17 were small and numerous, and tlu' well-inoculated 
portions of tin' leav('s (fi^. 2, K, by c, d)y although dyin^ pn'inaturely, 
were charact(*riz(*d by a (‘hlorosis rather than the slnirj) lu'crosis of 
race 8. 

ItK\eTro\ TO Kaok 2 

The reaction of liiu's of various gc'iiotypes to rac(' 2 was similar 
to their reaction to race* 8, except liiat j^enotype (line 7) was 

semin'sistant to race 8 and moderately susc(‘])tible to ra(‘e 2. 

ItKAt TfoN To Hackn 4, S, 19, V\I) 22 

Extensive* t(‘sts of F* ])lants and lines W(‘re made* witli ra(‘i‘s 4, 
S, 19, and 22, to whicli Buda is sUvSce'ptibb* and J. W. S. immune. 
Immunity from th(*s(* race's was elominant and was conditione'el by 
the factor U (li^. 8, (\ c, e). The' siis(‘('])tibili(y e)f se'e'dlin^s e)f Buda 
and of F 3 line 7, DURR ((i^. 8, Cy by d)y shows tliat m*ith(*r tin* D nor 
the R factors condition re'sistance* to tlu'se* race's. ]fowev(*r, wlu*n 
infecte'd by race's 4 or S, olde'r plants of F.t line 7, e'spe'cially ulu'ii 
^rown under aelverse conditions, liad fe'we'r and smalh'r pustule's and 
sliowe'd a jj:reater t('nde*ncy toward chlore>sis and i)r(*mature' ele'atb of 
infc'cte'd le'aves than did plants of F3 line' S, DDrr (fijr. 8, Cy a). All 
plants ne)t liavin^ the' immune factor JJ we're* lii4>:bly susce'ptible* le> 
race's 19 anel 22, eve'ii wbe*n <j;rown uneh'r aelve'rse* ce)ne!itieuis. 

UEArTTON TO Rac K 7 

Buda is immune' fre)m anel J. W. S. su.sce'])tible to rae'e* 7 (fi^. 8, /h 
dy e)y the reve'rse* of the* re*action e>f the'se* i)are'nt varietie'S to raea's 4 j 
8, 19, and 22. Immunitv from race 7 was cemelitione'd by the* eleuni- 
iiant factor D (fijr. 8, /^, c, d). The fae‘te>rs RRy wdiie*li conelition 
semire'sistane'e' te) race' 8 in Buela, conelitie>n re'sistane'e* te» race 7 (fu::. 

8, Ry b). 

Reaction to Rack 15 

This rae’c was leist and ne) te'sts we're made with it. 

REACTie)x\ TO Race 9 

Extensive te'sts of Fg line's were made with race 9. All seeellin^' 
plants regardless of genotype we're susceptible, but to varying degre'e"-\ 
as shown in table 7. 'The J. W. S. parent (fig, 3, l)y c) ami line* 577), 
DUrr, were susceptible'. Line 584, DURR (fig. 8, D. c), was dis- 
tinctly less susceptible than line 575. Line*, 8, UDrr (fig. 8, /), a), 
appeare'd to be slightly le»ss susce'ptible^ than line 584; and line* 7, 
DURRy and the Buda parent we're classed as rnoderateJy susce'ptible 
(fig. 3, Dy by e/). Plants of genotype' DDRR and DURR deve'le'jieel 
a type of mature-plant re'sistance in which relative'ly few pustules 
de'.vedoped, even whe'ii tlie* leave's were heavily ineiculated. 
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Reaction to Rac’es 16 vnd 21 

Tlio j)lants containing the factors conditioning rust redaction in 
all possible combinations, heterozygous as well as homozygous, were 
invariably susceptible to races urand 21 (fig. 8, F), J^lants having 
the factors DUrr, conditioning rust r(‘action of lh(‘ J. W. S. parent 
(fig. F, c), wer(‘ som(‘what more susc(‘])tible than het(‘rozygous 
ones or those having tin* F and R factors (fig. 8, F, a, 6, c, J/), as 
indicated by pustule vigor, ability to produc(‘ an abundance* of spor(*s 
for a prolong(*d p(‘riod, and compatibility b(‘tw(*en host and parasite*. 

Kf:ACTION OF HETEROZYGOUS PLANTS 

lhul(*r favorable conditions for growth of flax and for rust d(*V(*lop- 
ment, the ef!‘(*ct of host het(*rozygosity on d(‘V(*lopment of rust by 
races producing int(*rm(‘diat(* inf(*<‘tion types was evident. lmmunit\’ 
from rust was dominant, anel plants heterozygous for the* immuiu* 
factors FIJ W(‘re iminuiK* from all races from wdiich (*ither par(‘TU 
was immuiK* (fig. 1 , .1, d; B, d). The* in(‘ompl(*t(* dominance of the 
resistance* factor R was appari'iit in those* lines homozygous fe)r the 
fae'tors e’onelitieining immunity freun either race 4 or race 7 aiiel 
hete*rozygeMis feir the facteirs e*onditioning semire*sistance to race 8 
(fig. 1,^1, h: fig. 1 , B, b; fig. 2 , />, b; fig. 2 , A’, b). For example, F;, line 
481, FFRr, in eine* te*st hael 7 plants susce^ptible*. lo moele*rately sus- 
ceptible, anel 7 st*mire*sistant te) race 8 (fig. 1 , .1, a, b, c). Line* 4(>8, 
FIJRr, hael 5 plants susceptible*. 19 se*mire*sistant , anel S resistant to 
race* 7 (fig. 1 , B, a, b, c). The*se* re*sislant ])lants of line* 468 w^regrowui 
to maturity, anel, as the F 4 pre)ge‘ny was homozygous feir resistant 
r(*actie)n te) race* 7 , it was e‘viele*nt that elifre*rt*nce*s m eie'gree e)f resist- 
ane*e* e)f the* F^ plants hael hael a genetic basis. He)W'eve*r, it was only 
eluring pe*rie)els e*xe*(‘ptionally fave)rable for growth of the plant anel fe)r 
rust ele*ve‘lopme*nt that variations e)f the inte‘rmediate infe*ction type*s 
ce)ulel be* ce)nside're'el as re*liable* inelicate>rs e)f ge‘notypic elifferences 

DISCUSSION 

The elata pi(*sente‘el .scu ve* to emphasize* that in de*ve‘le)ping a pre)- 
gram fe)r bre*e‘eling rust -immune* varietie*s of flax it is important te) 
know the* inheritance* e)f certain plant characte*rs anel to understanel 
the* interact ie)n e)f the* ge*ne‘s that ce)nelitie)n rust re‘actie)n in the* parent 
varie*tie*s as well as the re*latie)n be*twe*e*n the*se* fae*te)rs anel the* {)hysi- 
e)le)gic race*s of the* flax rust fungus. 

Previe)us inve*stiga lions hael inerK*ate*el that the inhe*ritance e)f im- 
munity fre)m flax rust was ce^nelitie)ne'el by one e)r twe) ele)minant facte)rs 
(»9, 10 ), In tile pre*se*nt inve»stigations, he)w^ever, it w^as found that, 
wliile* iinmunity fre)m specific racers of rust was conelitiom*d by elonii- 
nant genets, the* ele)niinants carrie*d by Buela anel J. W. S. anel contre)!- 
ling their immunity anel susce'ptibility to two physie^le)gic races are 
allelic. Ce^nseejuently, no segregates coulel be e)btaine*d that w^ere 
homozygous fe)r both e)f the dominant allels conelitioning imniunity 
from the twm race*s of rust. Likewise, no se*gregates were* obtainable* 
that were susceptible^ to both of the races. 

Obviously, in a re*gion wdie*re both rac(*s 4 and 7 ex*cur, it we)uld be* 
futile to attempt to obtain a rust-immune variety of flax by crossing 
Buda and J. W. S., although each varii‘ty is immune* from one of the 

420 : 172 - 41 2 
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races aiui iKHlher variety is susceptible to both. On the other hand, 
tli(‘ existenc(* of lh(‘ allelic series of immunity factors simplifies the 
problem of bnaMlin^ for immunity from ciu tain physiologic rac(‘s of 
the flax rust fungus. Thus, Ottawa 77()B has been immune from 
all North American and Europ(»an rust collections (4, 12) and J. W. S. 
has betm immune in South America iUj), Iri a cross betwecm tlu'se 
vari(»ties th(‘ factors LL of Ottawa 770B condition immunity from 
North American and European races and susceptibility to a South 
American race (race 22), whih' the allelic factors UD of J. W. S. 
condition immunity from South American rac(‘s and susceptibility 
to certain North AnuTU'an and Europiam races. Since susc(‘ptibility 
to rust is recessive, F:> ])lants susceptible to rac(‘ 22 ar(‘ homozygous 
for the factors LL conditioning immunity from North Aimu-ican and 
European races of rust, and F2 plants susc(‘|)(ihle to anv on(‘ of rac(‘s 
7, 9, IT), It), or 21 an* homozygous for tin* factors Ijfj conditioning 
immunity from South American races. In either case, thn'c-fourths 
of the plants could be discarded in the F2 g(‘neration and subs(‘<juent 
tests could be confined to material homozygous for tin* pair of factors 
conditioning immunity from the races of rust with which the* inv(*sti- 
gator is concermul. 

The use of a lino having tin* gcuiotype in addition to tin* 

regular vS(*ri(‘s of difl’erential varieties, is helpful in tin* identification of 
races of MeJainpsora lini diff(M‘entiated by the sianirtsistant reaction 
of Buda. To th(*s(‘ rac(*s Buda may be sonu'vvhat r(*sistant in tests 
conducted imd(T unfavorable conditions. Plants of gcuiotypi* JJLUr 
are susceptible, ev(‘n under adverse growing conditions, to ra(*(\s to 
which Buda is semi resist ant. 

The reaction of Buda to the diffen'iit rac(‘s of the flax rust fungus, 
varying by almost imperc<*ptible stag(‘s from immunity (no (‘vidcuice 
of the formation of uredia) to susceptibility, is sugg(*stiv(‘ of tin* in- 
volvement of rnultiph* factors either in the host or in tin* ])athog(‘n. 
Since no evidence was obtained that inon* than two factors an* con- 
cerned in conditioning rust reaction in Buda, th(‘se studi(‘s suggest 
that the variable reaction of this variety is dm* to the int(*raction of 
quantitative factors inh(*rent in tin* rust fungus. 

SUMMARY 

The inheritance of factors conditioning n'action to the flax rust 
fungus was studied in a cross l)etween Buda and J. W. S.. two varieties 
possessing differential reactions to physiologic; racevs of Mela m psora 
Uni. J, W. S. is immune from 18 of the 24 races that have been 
identified from North and South American collections of the flax rust 
fungus and susceptible to races 7, 9, 13, 15, 10, and 21. Buda is 
immune from races 7 and 20; resistant to races 1, 5, 0, 10, and 11; 
semiresistarit to races 3, 14, 15, 17, 18, and 23; moderatc’ilv susceptibh* 
to races 2, 9, 12, 13, and 24; and susceptible to rac(‘s 4, 8, 10, 19, 21, 
and 22. 

The Fj generation was immune from all races from which either 
parent was immune, indicating that imrnunitv was dominant. Sus- 
ceptible genotypes could be identified in the ^’2 generation, but those 
having intermediate infection types required further tests of F3 
behavior. 
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Kacli Fa liiK* tlnU was jittackod hy ra(*(‘ 7 was homozygous for im- 
munity from ra(*os 'A and 4. ('onvors(*ly, oaoh Fa lim* attarkc'd hy 
rare .‘i or 4 was liomozy^ous for immunity froiti ra<'(‘ 7. Fa linos homo- 
zygous for susooptihility lo raro 4 appr()\imatt*d a ratio of 1 somi- 
rosistant (o 2 liot(‘rozy<rou8 to 1 susct'plihlc to ra(*(‘ 3. Amon^ tlie 
F» lint's immune' from ra(M‘ 4. tiu'ro wort' approximatt'ly 1 rosistant to 2 
li('t(‘rozy^()us to 1 susc('|)til)l(‘ to ract' 7. Liiu's having all plants t'itlu'r 
immuno from or sc'inin'sistant to raot' 3 had all plants eithor immuiu' 
from or ri'sista-nt to ract' 7. Linos st'grt'pitin^ for immunity, somi- 
r<'sistan(*(', and susot'ptihility to raot' 3 st'^rt'^atod for immunity, iv- 
sistano(‘, and susot'ptihility to ra(*(‘ 7. Lint's having all plants oithor 
immuno from or susot'ptihh' to raot* 3 liatl all plants oitht'i* immujit' 
Irtmi t)r susot'ptihio tt) raot' 7. 

Tht* rt'sults t)htjiint‘tl wt'rt* t'xplaint'tl hy assuminj^ that immunity 
frt)m rao<‘s 7 anti 20 in liuda was ot)ntlitH)nt‘tl hy a pair t)f tlominant 
faottirs allt'lio to tin* [lair of tltiminant faottirs oondilitmin^ immunity 
frtun IS raot's in d. \V. S. Tht' rt'aotion td* Butla anti tht' st‘<>;ri‘<ratit)n 
of tht' F, |)opulation su^trostt'tl that Butla oarrit'tl, in athlition tt) tht' 
faolors ot)ntlitit)nin^ immunity from raot' 7. faottirs otmtlititinini^ s(*mi- 
rt'Sistanot' it) raot* 3 anti rt'sistanot' tt> raot* 7 that wt'rt' intlopt'nth'iit t)f 
anti hypt)statio tt» I ho inimunt' faottirs. On this hasis tht' ^(‘iiolypo 
of Butla wt)ultl h(‘ IJL^RR anti tliat of J. W. S. I/Un . 

Tho rt'aolitm of Butla It) raot's involvi'd in tht'so tt'sts ('xtonth'tl hy 
almost impt*rot‘pt ihlo stojis frtun immunity to susot'ptihility. Btith 
tho A* anti tht' H faotors appt*arod tt) ht' o])t'rativt' in ot)ntlitit)nm^ rt'- 
sistanoo \o raot's tt) whioh Butla was rt'sistant. In tt'sts with rat't's tt> 
wdiioh Butla was st'inirosistanl , mt)th*ratoly susta'fitihh*, t)r sus(*t‘ptihlt‘. 
tin* faott)rs hatl litth' olft'ot, anti rt'dut*tit)ns in tlt'^rt't' of sus- 

ot'ptihility a|)pi‘art‘tl to ht' lar*roly attrihutahlo tt) ihi' H faotor. Nt'ilht'i* 
tho 1J1J nt)r tht' UR faotors hatl any apprt'oiahlo t'tfot'l t)n tho st'otllin^ 
roaotitin tt) raot's 4, (S. It), anti 22 to wliioh Butla is sust't'plihlo. 

d. W. vS., L^Urr, is susot'ptihlo It) raot's 7 and t), hut F.^ plants of 
^t‘nt)typo IJJJRR wt'rt' rt'sistanl to raot' 7, and tht'ir roat*lion to raoo 
t) varit'd frt)m mt)tlt*ratt'ly susot'ptihlo to susooptihlo. 

All plants tostt'tl wt'rt* susooptihlo to rat't's It) anti 21, to whioh both 
Butla anti d. \V. S. wt'rt* susot'ptil)It'. 

Tht* R faott>r was inotunph'tt'ly dominant anti, untlt'r favorahlo 
jrrowin^ t‘t)ntlitions, liott'rozy^tius plants t)f tho ^onotypos IJlJRr or 
Ij^T/Rr w'oro tlistinotly It'ss rt'sistant to rat*os protluoin^ intormt'tliatt* 
infoolion types, such as raot'S 3 and 7, than homozygous plant 
ovUDRll 

A lint* having tin* j^onotypo UL}rr^ proyitiusly unknown, facilitates 
tin* idt'iitilioation of physiologic races dilfort'iitiatod by tin* semi- 
rt'sistant reaction of Butla. 
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A GENETIC STUDY OF COMMON BEAN MOSAIC UNDER 
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UTui Vegetable ('ropn and Dixeases, Hii/raii of /Haul Induxtnj, L'niled Slater 
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INTRODUCTION 

Coiiiiiioii h(‘an inosaii* (Ixau) virus 1) appareutl}^ occurs wherever 
snap b(‘aiis (Plia>i(olus vulgaris Ij.) are growji, hut in tlie soutlKUTi part 
of tli(‘ Unilcxl Stat(‘s tlu' daniagi^ is esp(‘cial]y s(*V(*r(‘ Susceptible 
vari(‘li(‘s may ^ive coinpl(‘t(‘ crop failures, and tolerant vari(‘ti(‘s may 
(h‘V(‘l()p mor(‘ |)ronounc(‘d symptoms than tlu'}" do iii northern and 
western bean-^rowin^ areas. Because* of the* latt(*r fact, it is possible* 
in vSeiuth Caredina te) study the inhe*ritance‘ ed re‘actie)n te> the virus in 
re‘sistantXte)le‘ra]it e*re>ss(‘s with le‘ss elitliculty in iehuitifying pheno- 
type's than mi^ht be* e‘\j)(‘rie*nce*el in eertain e)the‘r edimatie* areas. 

In orele*!* te> eibtain a hi^h perea'iita^e* e:)f virus transmissiem, me>st 
weukers with commeui Ix'an mosaie* have* employeel artificial inocula- 
tieuis. In fie'lel plots of the* Tnite'd State's Ke'^ional Ve'^e'table* Bree'el- 
in^ Lal)e>rate>ry, ('harh'steui, S. natural fie'lel spread of e'ennmon 
be*an me)saic lias preieluce'el the maximum jieissible' transmission; anel, 
with suitable* e'emtrols feu* insurinjj: the* iele*ntity of the* virus, it is ])Ossi- 
ble* te) re‘ly eui lie'lel elala with a higli ele‘p*e‘i' of e*ontide'ne*e‘. The* data 
re'porte'el he*re*in We're* eibtaiiu'el ine-ieh'iitally in a stiiely of bacte*rial 
blight re'sistance* in snaj) be*ans. The elata are submitte*el be*cause* they 
le*ael to a eliffere'iit inte*r|>re'tatie)n eif the* ^enetie*s of comme)n bean 
me»saic freim any hillu'rte) re*corele*el. 

MATKRIALS AND METHODS 

The e*re)sse*s e)bse*r\ e*el in eh'tail \\e*re' Strinj^le'ss Black \ ale‘ntine*>: 
r. S. \e». 5 lie'fu^e'e* anel the* re‘e*ipre)e*al. V. S. Xei. T) l{e*fu^e*e' is highly 
re'sistaiit te) <*e)mme)n be*an me)saic * as re*porte*el fre)m various place's. 
During the* last o ye'ars se'veral theiusanel plants e)f this variety have 
bee'll obse‘rve*el at (diarh'ston, S. (\, anel lu) eommon be*an mosaic 
(bean virus 1) or e)the*r Aims dise*ase*s have be*e*n found exce'pt in the 
e*ase‘ of a fe*w e)bvie)us re)gue*s. Stringh'ss Black Vale*nt ine uneler early- 
spring ceuielitions at Charh'ston, anel unele*r ne)rmal e‘onelitie)ns in the 
se'e‘el-gre)wing are*as eif the neirthern anel we*ste*rn parts e)f the' Uniteel 
State's, eirelinarily give*s a teilerant reactie)n te) infe*ctie)n \\ith e*omnu)n 
be'an mosaie*; i. e*., the* elise*ase' may be pre'se'ut, but the injury is slight 
e)r undete'ctable*. Plantings of Stringh'Ss Black Valentine* maele only 
a fe'W' wee'ks later at ('harh'ston, he)We'Ve'r, may show much me)re pro- 
nounce'el symptoms anel injury. Other te)lerant varie'tie's like Bounti- 
ful anel I". S. No. 1 Kefuge*e re'sponel much like Stringh'ss Blae'k 
Vah'ntine. 

' Rctri\(‘(l f«>r puhliuftfion M»n 7. 1W4I Thi.s >M)rk wft'- pcrfoniK'd chn‘fl\ iiiuler an allcfnn'nt from the 
SjM'uml Keseareh Fund authorizi'd b> "I itU* I of the llankheaiMones ^ef of June 21), ID.'L") 

? Wadk, 11. I. , and Zai me^er, W. J vs \u. :* kefi gee, a \ew mosaic-resistant refuoef ntAS. 
r S Dept Am e*ir fieH), 12 pp , illu^ 
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Clu‘(*ks for each p*ii(*ratioii included tlu‘ two parents (StringJc^ss 
Black Vak'ntine and V. S. No. 5 Refujijee) and in addition, for tlie Fi 
and ^"2 ^(‘uerations, sample's of inoculated and uninoculatc'd Stringless 
(Tr(‘(*n K('fug('('. Since Stringless Oreen Re'fugc'e is very suscei)tible to 
common bean mosaic, and since mosaic is to sonui ('xtent a seed-boriu' 
dis('as(', a mosaie‘.-fre(‘ strain was grown under cheesecloth for te'sting 
the virus prc'seiit in Stringless Black Valentine and in the sus(‘(*ptible 
F2 segregates. Inoculation of the Stringless (Jree'ii Refugee' in tlu'se 
two case's for the purpe)S(' of ve'rifying the' ])re'sene'e of the e*e>inme)n 
be'an me)saic virus were' the' e)nh’^ artificial inoculations maele'. 

The Fi anel F2 plants were grown in rows aeljae*e'nt te) the parents; 
hut in the F3 gene'ration, as all border rerws wei*(' U. S. Ne). 5 Re'fuge*e* 
anel Stihigle'ss Blae*k Valentine', ivaelings weio maele ern the' herrde'r 
rows for ehe'e'ks. The herrde'rs we'ie about 24 lerws apart. 

The fir-st observations e)n eomrnern be'an niersaic at the' Ve'ge'tahle 
Bre'e'eling Labor*atory we're maele in the' sprung e)f 193(). Vaih'lie's 
eommernly ehissifieel as tederant showe'el se've'iu' sympte)ms, anel sus~ 
ce'ptible varue'tie'S suedi as Str-ingh'ss (Ire'e'n Re‘fuge*e' we'ru' so badly 
injure'el that only a fe'W se'C'ds pe'r plant were* pr*e)elue*e‘el. Of 45:^ l\ S. 
Ne). i) Re'fuge'e* plants ohse*rve'el, ne)ne shenve'el arry symptemis e)f me)sai(*, 
while in all othe'r varie'tie's note'el all ])lants we'ru* infe'e*t('el. The* vari<‘- 
tie's anel the number erf plants ohse'rve'el we'ru* as ferllerws: Stringle*ss 
Black Vale'utine, Bountiful, 507; vStringli'ss (ire'e*n Re'fugi'c, 554; 
anel Thousand te) One* Re'fuge*e, 321, 

In emle'r to verify the prese'ne'e anel ieh'iitity of the* cerrnmem bean 
mosaic virus, se'e*el was harve'ste'el from the ahove'-rne'ntioiu'el plants 
anel twer se'rie*s we'j’e* planted in tire* gre'e'nheuise* in the* spring erf 1037. 
Suffie'ie'Tit se'ed was piante*el ferr at le*ast 100 plants in e*ae*h s(*rie's, anel 
rvaelings were take'n em primary or se'e'el-herr-ne* rnersaic em the* first 100 
in each case. Exc4*])t in the* case* erf U. S. Ner. 5 Ke'fugee, we*ste'i-n-gie)\\ n 
se'e'ei was use'el as a e*h('ck. The rvsults from s('e*el fierrn (‘asle'r ii infe*cl(*el 
plants anel frerm we*ste'rn se'e'ei, re*spe*e*tive'ly, we*r*e' as ferllerws: vStringh'ss 
Blae*k Vale'ntine frxrm e*aste‘r’n plants infe'e’te'd with se'e'el-herrrn* rnersaic, 
9.5 perx'ent, and from we'ste*rn se'e'ei, 3 pe're-e'nt ; Beumtiful, 4 pe're*e*nt 
anel 2 pe'rce*nt; Str-ingh'SS Or-e'en Re'fuge'e', 25.5 pere*e*nt anel S.5 |)e're e*nt ; 
Thenrsand to One Re'fuge'e, 17 pe'roent and 20.5 pe'ru'ent; V. S. Ner. 5 
Refugee, 0 percent. From 5 Str*ingle*ss Black Valentine* plants erf 
Charh'stern origin anel 2 e>f we'ster-n or-igin sherwing primary syrnpterrns, 
inerenilatierns we'rx* made into 10 jrlants erf he'althy Stringh'ss (ire*e'n 
Refugee. Beruntiful and Stringh'ss Gree'ii Re'fuge'e* we’re* alser inoe*u- 
lated by using 2 primary infe'ctierns from the* (Miarh'stern serurce* anel 
2 of we'stern origin. In all e*ase's typie*al sympterms erf cermrnern he'arr 
mosaic weu’e ohse'rwe'el. Of 70 Stringh'ss (ire'e'ii Re'fuge'e plants inoe*u- 
lated from primary-infe'cted vStringless Blae'k Valentine*, 54 sherwe'el 
symptoms, while 10 che*x*k plants inoculateel from he'althy Stringh'ss 
Black Valentine remained mosaic-free. Of 70 plants erf Beruntiful, 57 
became infe'cted and the 10 checks re*mained he'althy; erf 40 plants erf 
Stringless Gre*en Refuge'e, 32 be'came infected arid the 10 chee;ks 
remained healthy. The symptoms in all cases we'.re* characte'ristic of 
Common bean mosaic. 

As aphids are usually assume'd to be re'sponsihle ferr a lar*ge part of 
the secondary spread of bean mosaic in the fie'hl, records have b(',en 
kept on the aphid population for the last 5 years with rx'udings on 
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it|)pr()xiniat(‘Iy May 1, 10, and 20. No attempts hav(‘ b(‘(*n madt* to 
idtmtify tin* various s|)e<*ics found. Tt'ii ])larits from oaeli of 10 rows 
taken at random liav(‘ lurnishtHl tln‘ })asis for tin* av(‘raj^(‘ Ifi (aitdi east*. 
Th(‘ numIxM* of aphids pnvstaii by May 1 was approximatfdy 

1 ptT plant, wdnu-eas by .\iay 10 the numfxu* bad in(T(‘ased to 2.5, and 
by May 20 bad deen'asc'd to about 1.5. Aphids art* not ordinarily 
found in abundance on bt^ans, but it is belit^ved that tin* num])ers 
lound (‘ould bt* rtvsponsiblt* for a consid(*rable (‘pidemic of common 
b(*an mosaic. 

RKSULTS 

Tb(‘ Fj ^n'lu'ration ^rown in tin* sprin*^ of lOlkS consislt'd of 0 plants, 
.S from tilt* cross Strm^less Black Valentim* X V. S. No. 5 R(‘fu^n*(* anti 
() from tilt* n'ciprocai. Tbt‘S(‘ fdants all rt^maint^d iivc from virus dis- 
(*as(‘s, as did tin* 27 ])lants of tlu* V . S. No. 5 R(‘fup‘(‘ par(*nt ; but all 
42 ol the Strin^b‘ss lilack \ ab'iitim* part'iit ])lants showed symptoms 
of common b(‘an mosaic. Inoculations madt* from tin* Strin^dess Black 
Valentim* parent to beallby Strin^lcss (lr(‘(‘n Rt'fujrt't* indicaltui that 
common })t*an mosaic virus alont* was pnst'ut in tlu* Strin^l(*ss Black 
X’alt'iitint* plants (tablt* 1 ). 

In the Fi’ irt'mualitui a ratio of 2 rt'sistant to 1 toli‘ranl was obtained 
with a total of 179 plants obst'rvtxl, and tbert* was no significant difier- 
(‘iict* in th(‘ H'ciprocals. (dii-stjuan* t(‘sts indicattMl satisfactory con- 
format ion to a 2 1 ratio. A^ain tb(‘ nsistarit parent remaintxl ht'althy, 
while ail lOti Strin^l(‘ss IMack Vab'ntmt* plants sbowt^d sym])toms. 
Inoculations nnnb* from tin* susceptible* 1% s(‘trre^at(‘s to Strin^b'ss 
(Iree'n R(‘fup‘(‘ showe'd that tin* virus r(‘sj)onsibl(' for the dis(‘as(‘ was 
the* common Ix'an mosaic ^irus (table* 1). 


4’\iiLE 1 - h*<sulls t>ht(\}ii(ii H'tih f’l, X’. ond F\ fungi ints f/o/n thv Siringhsb 
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In the spring of 1939, at the time the ¥2 plants previously discussed 
wore grown, some F3 families from an F2 plant grown in the fall of 
1938 were observed to be segregating in a ratio of 1 resistant to 2 
segregating to 1 tolerant. Because of the presence of a considerable 
amount of bacterial blight an exact count of plants was not made, but 
in the cross Stringless Black Valentine X U. S. No. 5 Refugee the family 
ratio was 12 resistant to 23 segregating to 6 tolerant ; that of the 
reciprocal, 3:6:4. None of the chi-square values approached signifi- 
(*ant deviations, and again there was no indication of diff('r(»nces 
between reciprocals. Since tliese observations wen' preliminary, tlu'y 
are not included in tabh‘ 1. 

The F3 g(‘neration grown in the spring of 1940 consisted of 25 fami- 
lies from th(' (TOSS and 27 from the n'ciprocal. Th(‘ cornbiiu'd data 
showed 12 resistant, 31 sc'grvgating, and 9 tolerant familit's with a 
nonsignificant chi-square value. Again it was indicatc'd that there 
was no significant difference' in g('netic bc'havior of the cross and its 
re(‘iprocal. 

The F3 plant population from the 31 sc'gn'gatiiig famili('s showc'd a 
highly significant deficic'iicy of recc'ssivc's, but heterogeneity chi scpiarc 
showed no diff('rt'nc(' in the cross and its n.‘cipro(*al. Tlu' F3 ri'sults 
are shown in detail in table 1. All 104 V. S. No. 5 K('fug(‘e clu'ck 
plants wen' healthy, wlu'reas all 93 Stringh'ss Black Vah'ntiiu' cluH'k 
plants were inh'cted with common bean m.osaic vii*us. 

DISCUSSION 

In 1921 McRostie r(?port('d crosses with various fi(‘ld b(*ans, in- 
cluding Michigan Robust, in wliich he found resistance to be at h'ast 
partially recessive'. By grouping his data h(* obt aim'd an F2 ratio 
approaching 9 suscc'ptible to 7 re'sistant. Part of his work was carri('(l 
out by artificial inoculatiems, but most of it depc'iidc'd on fi('ld sjin'ad 
from susceptibh', primarily inh'cted plants. 

In 1935 Pit'rce ^ n'ported results with various crosses. Robust 
crossed with Stringh'ss (Irt'en Refugee gave' a mosaic-susc(‘])tibh' Fj 
generation, but Robust crossc'd with a strain of (Ireat Northern or 
with Corbett Rt'fugee gave resistant Fj plants in both cas(*s. Corlu'tt 
Refugee X Stringless Grecm R('fug(‘e and tin* recipro(*al wt'H' resistant 
in the Fj generation, and in the F2 gc'neration tlu'y gav(‘ 88.8 pc'rcent 
and 82.2 pc'rcent n'sistant, resp('ctiv('ly. Idaho Refugee* and Wiscon- 
sin Refugee b('hav('d in crosst's with Stringless Green Rc'fugc'e about 
like Corbett Refugee. Pierce did not att(*mpt a gi'iK'tic (explanation 
of his n'sults. 

In 1936 Park('r ^ reported differential n'sults from crosse's of String- 
less Grei'ii Refugee* X Michigan Robust and the reciprocal, as well as 
with Corbett Rc'fugee X Stringless Green R(»fug(*e. Parker int(*rpret(»d 
differcmces in r('ciprocal§ in part on the basis of cytoplasmic inheritance*. 
When Stringless Green Refugee was used as the female* par(*nt, some* 
of the results approached a 3:1 ratio of resistant to suse*eptible. 

3 McRostib, G. P. inheritance of dihkase rehlstante in the common bean* .lour. Aini'r. Soc. 
ARron. 13* 15-32. 1921. 

* Fierce, W. II. the inheritance of resistance to common rean mosaic in field and oardkn 
BEANS. Phytopatholopy 25. 87.5-883, Ulus. 1935 

3 Parker, M. C. inheritance of resistance to the common mosaic virus i.\ the hean .lour. Aiir 
Res. 52: 895-915, illus. 1036. 
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In the thn^e gc'iu^tic studies mcmtiontHl the contrasts involvtjd were 
crosses betwt'cn r(‘sistant and susceptible strains, wh(*r(‘as in tlie 
present paper the work is limited to resistant with tohu-ant. Group- 
ings of resistant, tolerant, and susceptible varieties hav(‘ been us(‘d by 
many investigators; as, for example, Clark.® 

J’ierce ^ was candul in his work to exclude th(‘ possibility of con- 
tamination with y(‘llow b(‘an virus (Ix^an virus 2 ), and both Parker ® 
and Pierce us(xl artificial inoculation instead of (l(‘pending upon field 
s})read. In tlu' work i*('port(‘d Jicrein reliance was placed upon field 
spread and no artificial inoculations W(*re made (‘xcej)! as a (*heck upon 
tlu' te(*hnique and to test for the })resenc(' of the common bean mosaic 
virus. Extensiv(‘ obs(Tvations on W S. No. 5 Refugee, which is sus- 
(U‘ptible to yellow bean virus, and on other varieties, as W(‘ll as con- 
sid(Tations of th(‘ seed-borne nature of the disease* obs(*rv(*d, indicate 
that yellow b(‘an virus could not have lH‘(‘n pr(*s(*nt to complicate th(* 
results n*port(‘d hen'in. 

Johnson ® recently iuterpr(‘t(*d some* symptoms observed on beans 
from inoculations from ap])arently healthy Laihyrus tingltanvs as 
being din* to an allergic response of tlie bean plants. It seems possi- 
ble*, if all(*rgic r(‘spons(‘S do occur, that there might be all(*rgic respons(‘s 
of one strain of Ix'aiis to another and that they might be much more 
s(‘vere with artificial inoculations than with natural insect transmis- 
sion; cons<*(|U(*ntly artificial inoculations might per se introduce a 
factor rath(‘r disturlung to genetic ratios. 

It s(*ems possible* that part of the invgularit v of ratios e*ncounte*re*el 
by be)th Pit*rce* anel l^irker may have come fiom the pre*sence of a 
|>artially le*thal variegatiem in 0)rbe*tt Refugee anel the two strains 
ele*rive‘d from it, lelaho Refuge*e* anel Wise*onsin Re'fugee. V. S. Ne). 5 
Re*fugee*, although re*late*d to Corbe*tt Re'fug(*e*, doe*s ne)t carry the* 
facte)!* eir facte)i*s for varie*gation. 

SUMMARY AND CONCLUSIONS 

In a cross e>f Stringle*ss lMae*k Vale*nline* X I . S. No. 5 Re*fuge*e and 
the re*cjprocal, the results with the Fi, F 2 , anel F 3 ge*iu*rat ;e)ns inelicate*el 
that- the irsistane’e* e)f U. S. No. 5 Refugee* to ce)nimon be‘an mosaie* 
virus is dominant to the* te)le*rance* (wliich she)weel a ele*finitedy mosaic 
pattern with marke*el nmsaic sympte)ms at CMiarle*ston, S. C.) of the* 
vStringle'ss Blae*k Vale*ntine*, anel that a single* factor is re*spe>nsible for 
the ivsistance*. 

The*re were* ne> significant eliffere*ne*e*s l)e*twe*e*n the cre>ss and its 
re*e*ipre>cal. 

There* was a slight but e*umulative* ele*ficie*ncy e)f rt‘ce*ssiyes (22 per- 
e*e*nt e)f the populatie)n te)le*rant, the*oretical 25 perex'iit), which reache*el 
significance* in the te)tal pe>pulatie)ns from se*gre*gating familie*s in F 3 . 

« e'l.ARK, N , <*<)nipiWr. mosaic resistant cannino bkan miows promisf. Wis Aur Kxp. Sta. Bnl. 
421 ei0~e)2. illus 1921 
' See footnote 4 

" Se(‘ footnote ft, , ^ 

•Johnson, James inocciation ok i ean \mtii extracts from other iie,\itiiv iE(tiME srEtiEs 
(Al)stract) T’h^ to|)HUH»loK> 2t> 12 IMU. 




GROWTH SUBSTANCE IN CROWN GALL AS RELATED TO 
TIME AFTER INOCULATION, CRITICAL TEMPERATURE, 
AND DIFFUSION ' 

By A. ,J. UiKEH, professor oj plnnf pathology, Hkrch Hexkv, industnal fellow iu 
plant pathology, and H. M. I)r<;G\n, professor of botany and plant pathology, 
Wisconsin Agt unit oral Hxpennu }it Station 

INTRODUCTION 

Tlu‘ iniporlaiKM' of growth siihsliuuMN in th(‘ uonnal ilcvclopincnt 
of plant lissuos has sii^^cstcal that, wludi pn‘S(*nt in unusual amounts, 
th(‘V may ho mor(‘ or h'ss diroctly n‘sponsibl(‘ for alvpiral and j)atho- 
lo^ical growth. At tiuition has l)<‘(‘n dina tod (‘spi'oially to such growths 
as (Towu ^all caustal hy Pli ptotnonas futru facletis (Smith and Town.) 
B(T^(\v ct al. Ii(‘ta.-iudoh‘--ac(‘tic acid and suhstanc(‘s rclalial in (df(‘ct, 
lik(‘ auxin-a and auxin-h in particular, have l)(‘cn consid(T(‘d th(‘ 
cluunical means hy which tlu‘ hacliu-ia induced this disiaiscal over- 
jirowth. 

Tli(' (‘vichuice foi* this has l)C(*n j)](‘scnt(‘d and dis(*uss(‘d by various 
workers. For example. b(‘ta-indol(‘-ace.tic a(*id has Ixaui suggc'stial 
with various dej^rei's of (unphasis by XenuH* (11 ), Brown, and (iardiiei 
(J), Link, Wilcox, and Link (A), and Berthelot and Amounnix (1) as 
th(' r(‘sponsibl(‘ stimulating a^iuit product‘d by the bacteria. Lockc', 
Hiker, and Du^pir (()) d(»scribed symptoms on plants Ixuirinir crown 
i»:all as similar in sc.V(*ral parti<*ulars to those induced by Ix^ta-mdole- 
ac(‘tic acid. Limitial trials by didusion tc(‘lmiquc indicatixl tliat more 
i^rowth substanci* i^ presi'iil in rcHMUitly inoculatixl tomato stiunsthau 
in control stems. llowe\ (‘r, trials with older pdls and with (‘xtra(‘tions 
failed to show di(l\‘renc<‘s IxUwi'en <rall and control tissue*. In addi- 
tion, Lock(‘, KikeT, and Du^pir (?, S) found that crown pdl and ndate'd 
aviruhuit baedt^ria in pi^ptoin* brotli produced in similar amounts a 
substance actinji like* be*ta-iueIole‘-ae*ctic acid in its se*nsitivity to ae*id 
anel alkali, and that beith he*althy and eliscase'el tomate> tissue* containe*d 
matiTial like'wise* Mmilar te> this acid. Kraus, Bre>wn, anel Hanmer 
dcmeinstrateel the* similarity in stru(‘ture* be*twee*n ^alls ineluce‘el by 
J^hilinninpus iuttu facii tis and be*ta-inde)le-ae*e*tie* ae iel. 

The* pre'seuit inve*stipttions have* beM*n aimeel at (|uantitative eh‘te'r- 
minations e>f e*(*rtain growth substance's (1) that are* founel at pre)^ie*s- 
sive* intervals following creiwn pill inoculatieui. (2) that arc pre*scnt in 
teimato sle*ms j^reiwn beith above* and be'low the* (Titi(‘al maximum 
te'inpcrature^ fe)r crown pill formation, and (:L that eliffuse fremi 
he*althy and elise*ase*d tissue*. A prediininarv state*me*nt of home* of this 
work has alrcaily appcare*d {13), With such studie's it sen'incel possible 
to edarify the ivlation, if any, of p-owth substances such as be*ta-inde)le*- 
acclic acid to the pathop'iiicity of creiwii ^all bacteria. 

> for publiealiou, Den-nilwr 21, 1940. This \^ork was supported in part by tho Internntionnl 

Cantvr Kt*.s(‘arcb Fouiuiation, an<l asslstantr In iimkiug test.s wa5> furnished by the jMTsoiun 1 of the ork 
Projeets AdmiiiLstratum, OfTleml I’roject No f»5-l-5:n2:M». Dr. C. Eisenhart, .station staiustieiau. kindly 
iiiterpret<‘d the analysis of varlanw 
2 Italic numbers in parenthesis lefer to Literature Cited, p. 405 
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MATERIALS AND METHODS 

The tomato {Lycoperfiicum esculentuin Mill.) was used as a convi^n- 
ient host. Plants wore p:rown individually in 4-incli pots in the green- 
house at approximately 24° C. and inoculated by stem punctures 
when they were about 8 inches tall. Galls were oonspicuous in about 
10 days and equal to the diaim^ter of the stem in 3 to 4 w(j('ks. Suitable 
control punctures wen^ always made in a separate series of similar 
plants. 

The growth substanc(' was (extracted by a slight modification of tin 
method of Van Overbeek {!()). A 25-gm. sample^ of frt'sh plant tissue 
was cut into pi(‘ces about 2 mm. in thickness and placed in a 5()0-ml. 
Erlenmeyer flask. About 250 ml. of freshly distilled peroxide-free* 
ether was ad(l(*d immediately and the whole placed overnight at 4° C. 
The following morning the (*ther was s(*parat(*d from tlie plant rnat('- 
rial and tlu^ water. The extract-containing ether was heated in a dis- 
tillation apparatus on a steam table until only about 2 ml. remained. 
The distilling flask was cooled under a cold water tap and the* (*tber 
pour(*d into a 10-ml. vial. Om* ml. of distilled water was pipi'ttiul 
into the vial, which was then placed on the steam table until tin* 
remaining ether had evaporated. Thus tlu^ (dh(*r extract, of 25 gin. 
of plant tissue was containi'd in 1 ml. of watiT. This 1 ml. of wat<*r 
was mixed with an equal volume of 3-p(*r(‘(‘.nt agar, and tin* mixtiiri* 
was tested for the presence of gi*owth substance. T<*sts were always 
mad(‘ on the same day that tin* (‘xtracts wiTe prepart'd. Tin* galls and 
control tissue wcue tr(‘at(*d identically in ('xtra(*tion. While it is 
recognized that the t'ther extraction may not riunove all of the fret* 
growth substance present, it appt*ars that the relativt* amounts 
obtained from the control tissut* and the crown gall tissut* should bi* 
comparable. 

Considerably higher yields of growth substan(‘e havt* b(‘(‘n st*c.urt*(l 
with oth(*r methods from plant tissues by various work<*rs, inclutling 
Avery, BtTger, and Shalucha.‘* Apparently th(*st* higher yi(*lds are 
due largely to hydrolysis of precursors rath(*r than to iinprovtal 
extraction of frt»e auxin. The method us<*d st'ems oni* of the best at 
present available for securing fn^t* auxin. 

The standard Avena test (18) was used, with slight modifications 
as explained by Locke, Rikcr, and Duggar (7), in determining tin* 
amounts of growth substances pr(»s(‘nt. It is a[)parent that the grow’th 
substances measured wer(' those acting upon Avena (‘.oh*optiles under 
the conditions of experimentation. Obviously, various growth sub- 
stances may have been present which were not d(*t(*cted by this 
technique. 

The measurem(*nts secured are bascul upon average's of curvatures 
of 24 to 36 coleoptiles. Thus, the data ine'luded in this ])ap(T, together 
with those from various preliminary trials not mc'ntioiK'd because of 
the space they would 'occupy, are based upon about 7,000 coh^optih* 
measurements. 

The critical-tempeTature studies wen* made in two cubical cham- 
bers 4 feet square, (^ach illuminated by ton 30-inch 30-watt daylight 
fluorescent lamps. The plants received light for 12 to 15 hours each 
day. The temperature was thermostaticiuly maintained at 27° C. in 

» Avery, George S., Berger, Julius, and Shalucua, Barbara, the total extracthis or free 

AUXIN AND AUXIN PRECURSOR FROM PLANT TIM.srE. .Amcr. Jour. Bot. 2S 5Wi»f07, llllJS , 1«41. 



Dct 1, IU41 


*1 Study oj Growth Substances in Crown Gall 


397 


OIK' chamlxT, w1k'T(‘ flails w(‘re formod, and at 81° in the other, when* 
no galls devel()[)ed. This is below and above, respectively, the maxi- 
mum temperatuiH* for gall formation d(‘t(‘rmin(*d by Rik(*r (12) and 
confirmed by tin* pn'sent studies. 

EXPERIMENTAL RESULTS 

(U)M1»AK1S()N OF HESULTS IN TERMS OF COLEOPTILE CURVATURE AND OF HETERO- 

AUXIN EQUIVALENTS 

The results of the Anna test are commonly reported in the average 
amount of curvature produced. This seems subject in certain local- 
ities to the error of variations from day to day in sensitivity of the 
test plants. Some variations also occur within a given day. Jn these 
studies results were taken on known material several times within a 
day, as well as on different days, and a comparison was made of the 
variations secured. The results showing ^'w ithin-a-day” and '‘day- 
to-day” variations are given in table 1 , and an analysis of their \ ariance 
do ) in table 2. 

The variation between days has an F value of 10.96 that greatly 
exceeds the appropriate o-percent point (2.15); so the existence of a 
day-to-day \ariation can be inferred. Consequently, the data pre- 
sented later are corrected to heteroauxin ecjuivalents in the interest 
of accuracy. 

Tvhle 1.- ^'an(Ullni in Avenn vohoptih ruivnture, iriih a vonventuition of 100 
gammni^ per liter of hf to-iudole-aeitic acid, com pa ted icithiu the same datf and 
on diffennt dags, 10 
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PROCEDURK WITH ANALYSIS OF VARIAN(^K 

The stiitistieal procedure employed with the analysis of variance in 
table 2 is briefly j^iven. Denoting by the variance of determinations 
made on a single day, and liy <r/ the variance due to day-to-day 
variations (the actual days involved being regarded as a random 
sample from a ^‘population” of days), one can estimate these (pian- 
tities as follows: 

Est. tr" — Within (lays im'aii square -1.67 

Est a/— (lavs mean squanO — (Wit bin (la\ s iiK'an H(|uare)_ ... 

where the divisor 3 rejiresents the three d(‘terminations made each 
day. 

The variance of the mean, .f, of the three determinations on a random 
(lav is 

(Ti - (Tu + 


where a/ represents the variation arising from drawing a random day 
and represents the inaccuracy arising from the fact that sensi- 
tivity for that day is estimated by only three determinations. In the 
day-to-day variation, af represents tlie variation which would still 
be ])resent if an infinite number of determinations wore mad(‘ each 
day — that is, if the time value for the day were determined exactly 
so wdll always exceed cf no matter how' accurately one determines 
the sensitivity prevailing on particular days. The “error" in deter- 
mining the value for a particular day is always of the form and can 

be reduced by increasing u (the number of n^plicates). 

Substitution of the estimated values of a* and or/ yields a/— 5.54-1 
0.56; so day-to-day variation constitutes about 90 pcucent of the 
error in a mean of three determinations made on a single day. 

A correction for the day-to-day variation securiMl seemed desirable. 


■ ' CALCULATION OF HETEROAUXIN EQUIVALENTS 

A correction based on the activity of a known substanc<» is called 
for because many factors, beyond the practical control of the investi- 
gators, may influence the sensitivity of the coleoptiles from day to 
day and from laboratoiy to laboratoiy^ but their consideration is 
beyond the scope of this paper. This correction nec(‘ssitated the use 
of a known concentration (10(1 gammas per liter) of beta-indole-acidic 
acid with each assay of the unknown materials. The formula us(‘d 
in making conversions to the heteroauxin equivalents, shown at the 
right of succeeding tables, was adapted from that of Van Overbeek {IfJ) 
It is as follow^s: 


cxixv 

w 


gamma heteroa uxin e(|uivalents per liter of water in the tissue 


wrhere C is the coleoptile curvature, in degrees, produced by the 
plant extract; I is the concentration of heteroauxin, in gammas per 
liter, required to give a curvature of 1 degree; V is the volume in 
milliliters of agar and water in which the extract was taken up : and 
W is the water content, in grams of plant tissue extracted. 
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('OMPAUISON OF INOCIILATKl) AND CONTROL TISSUE AT SUCC’ESSIVE TIME 
INTERVALS AFTER INOCULATION 

M(‘asiiiTin(Mits of growth substances liav(‘ b(‘(‘n to clarify tlic 

suggestions about tbeir iinportanci* in gall formation. Half of a series 
of tomato ])lants w(‘r(‘ puncture-inoculated with crown gall bacteria, 
and tlie otlu‘rs W(*r(* giv(‘n control punctures. It was consid(u*(‘d that 
if auxin fi. e., any of tin* growth substanc(‘s causing n(‘gative Arena 
curvatun*) was n‘sponsibl(‘ for crown gall d(‘\(‘lo|)m(‘nt, diffenmees in 
auxin cont(*nt might ap])ear bi'tween gall and control tissue. vSince 
th(‘ auxin (‘ontiait might fluctuate in relation to th(‘ progress of gall 
d(‘V(‘lopment , (‘xaminations w(u*(‘ made at about 1, 4, 8, and lb days 
af((‘r ino(*ulation. On tin* last <lay prolif(‘ration was well underway. 

Tin* auxin in tin* growing tip was r(‘mov(*d from tin* comph*x in threi* 
series by using oidy d<*capitat(*d plants. In three* other parallel s(*ri(*s 
whole* plants w'e‘re* us(‘el. The* weirk was dean* in the* e*arly part of ID^^b. 

As re*])rese'ntati\ e* of the* work done*, detaile*el re‘sults e)f the* s(‘rie*s 
ine)e*uhite*el Fe'bruaiy IS are* give*n in the* up})e*r ])art of table* ‘k 

'I'.MiLK 3. Cuorn (jail (Uid coniiol tissio nonpareti af pfognssivc lulrtvnlft in regard 
to amoints of giouth snfjsionci s that p/oduce Arena colmptile ca> vaturex and their 
heterona rin i qaivah nfs, lHd!f 
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An example of the convoi*sion to heteroauxin equivalents is givem 
with the first calculation in table 3, where 5 d('gre*t*s of curvature are 
(‘quivalent to 5 hetcroauxin equivalents. The d(*gre(*s curvature are 
given in the* table in terms of the nearest whole number, namely, 5, 
although the* actual figure in this case was 4.7, this being the average 
curvature in elegrees of 24 enleoptih^s. Thus, C is 4.7 ; I is 100 gammas 
pe*r lite'r diviel(*d by 9 de'gree*s of curvature or 11.1; and \ is 1 iiu. of 
agar plus 1 ml. of mate'rial, or 2. Since greenhouse galls contain about 
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10.3 percent of dry matter {10) in 25 gm. of tissue, there arc 2.6 gm. of 
dry matter and 22.4 gm. of water; thus W"is 22.4. (Since there> seems 
to be no significant difference between tlie percentage of dry mattcT 
in gre(‘nhous(' galls and control stems, the same correction factor is 
used here for both gall and control tissue.) In this case the hetero- 
auxin equivalents are about 4.6 gammas per liter of water in th(‘ plant 
tissue. The m^arest whole number is 5, which appears in table 3. 
D(dailed results of other trials are omitted because of their volume. 

Thc! results with decapitated plants in the si'ries inoculated Febru- 
ary 18, February 22, and March 8, resp(^ctively, are summarized in 
table 3. For making these avevjiges the daily clcderminations to on(^ 
decimal point were used. TluTe is an average variation from 5 to 7 
gammas of heteroauxin equivalents p(‘r liter of li<|uid in gall tissue 
and from 5 to 6 in that of pumdurt^ controls. 

Wlioh' plants were used in three series, also summarized in tabh' 3. 
Except for higher auxin valutas throughout, tlu^ n^sults are similar 
to those with the d(‘capitat(ul plants. Sinct^ tht‘. growing tip is a nuidy 
source of auxin, the' gn'atcu* amount found was anticipated. 

Th(' galls develoi)ed well in decapitat.(‘d plants in which only half 
as much of auxin was d(d(»cted as in whole plants. This in itsedf 
indicates that gall development is independent of auxin change from 
5 to 10 gammas pd* liter. 

The summaiy of all the tests is given in table 3. Tlu' greattu* amouul 
of growth substances on the fourth day after inoculation do(»s not 
seem significant. It appears that there is a slight increase' in the 
amount of gi*owth substance in the inoculated tissue at each average* 
time inteival over that in the control ]>unctur('. Wlnni on('. ri'calls 
that 8 gammas per liter re'pre'sents 8 parts in 1,000, 000, 000, one* 
recognizers that the diftereuice betweem 8.8 anel 7.9 is harelly signifie‘ant. 
Eve'll this difference disapperars when a suitable ceirre'ertion is aeleh'el. 

The' living protoplasm is reasonably consielere'el to be' the' ])()rtiem of 
the tissue active in the proeluction of greiwth substances. So a e‘e)m- 
parisen of gall auel control tissue on a total nitre)ge'u basis may be* a 
closer approacli to an e'stimatiem of the' amount e)f living substane*e' 
than is a comparison on a we'ight basis. Nagy e't al. (10) sheiwe'd 
that in greenhouse galls total nitroge'u was 3.3 pe'ie'.e'Ut of the' elry 
matter, while in ceitTcspemding stems it was 3.0 pe'rcent . A enmparison 
of auxin values em a total nitroge'ii basis is denibtfully applie‘abh* 
wlu're plants have be'e^n re'e’eutly ine>culateel since' the're is the'ii only a 
slight elevelopmcnt of gall tissue. However, when such ereuTerctiems 
are applied to the average's of all these trials, the' results are* as she>wn 
at the bottom of talde 3. Here any inelie*atiou e)f a significant eliffe'r- 
ence between gall tissue anel contred tissue se'cms to elisappear. 

COMPARISON OF TISSUES GROWN ABOVE AND BELe)W CRITICAL TEMPERATURES 

FOR GALL FORMATION 

The auxin conteuit ol tomato tissue grown at 27® C., where galls 
deverlop, and at 31®, whe're no galls deve'lop was studieel early in 
1940. Expe'rimental plants were punctureMiieiculateel at 1- to 2-incli 
intervals in several internoelcs. They we're grown in two cubical 
chambers about 4 feert on a side located in the basement of ther green- 
house. With rare exceptions there was a variation from the set 
temperatures (27® and 31®) of less than 1®. The plants in oaedi cham- 
ber were illuminateid from above for 12 to 15 hours by 10 elaylight 
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fliion'.srent, 30-incli, :i()-walt lamps with alumiiuiin rofloctors about 
30 iu(*h(*s above tlu' }>ols or boxes. No (‘ffort was made to re"ulat(‘ 
the humidity of tlu* air, wliieh (luetuattd in both ebamlxTs around 
05 pel (*(*111 of saturation. Fn^sb air was supplied by for(‘(‘d vcuitilation. 
Tb(' plants wovo barv(‘st(‘d 4 to 5 W(M*ks afkT tn'atment. 

Fifteen-^ram sam])b‘s of pdl tissue, and of stem tissue from between 
ibe ^alls, were takim from jilants jjjrown at 27^ C. A similar sample of 
stem tissue was takiui from b<*tw(MUi tin* inoculation points on jdants 
^rown at 31°. Tlu' tissue's W(Te ('tb<T-(‘xtraot.('d as d(*scrib(*d earlier 
and tb(' extracts assayi'el on Arena cob'optib's. 

The n'sults from te'injx'iat urc studb'S are* shown in table* 4, wdiicb 
is arran^e*d in a inanne*!* similar to table* 3. In ^e'lie'ral, the amount of 
<rre)W'tb substance* founel w as similar te) that in w bede* plants, asr(*corde*d 
in table* 3. The* diffe*re‘ne e* in the* amounts of <rre)W'tb substance's se*- 
cure'd from the* ste*ms at 27° ami 31° (\ is not considere'd sipiilicant 
as far as pdl feirmatiein is ce)nce*rne*el. It is much l(*ss than that be*- 
twe'cn the* whole* anel ele‘e*apitate*d plants (table 3), and e*ven in the 
latter instane'e* j^all ele*ve*le)j)me*nt was ne)t sipiificantly inHue'ncc'd. 
\Vhate*ve*r elin‘e*re‘nce* e*xis1s in the* te*mpe*ralur(‘ se*rie*s can jirobably be* 
attribut(*d te) le*ss \ i^e)rous ^reiwth at 31° than at 27°. ('orr(*(‘ted em a 
tolabnitre)<>:e*n basis the* ave‘ra^(*s show ap])roximate*ly 2 gammas ])er 
liter me)re‘ of growth substance's in the galls than in the* contreils. This 
is ne)t e*e)nsiele‘re*el signifie ant anel possibly can be* e*xt)laine*el by the* more* 
active* growth of tlie* gall tissue* than the* aeljace'ut ste*ni tissue of the* 
same* plant. 

'r\BiiK I ( lOirn gall ntoi c<tnt/ol c<nKfmK>l at ami C in nganl to 

(hr anniants at groivth sahKlatirrs that producr Arina cnlroptih cnivainn and thrir 
hrtn oauxin niniralf nts, md* 
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Although no signiticant differences were* founel in the* amount of 
grow^tb substaiK'e's either in crowm gall and cenitrol temiato tissue or in 
tomato tissues grown above* and below^ the critical temperature's, there 
are two re'maining possibilitie's. More auxin might ha v e* be*e*n produced 
in the gall than in control tissue, but it might have disappeared lapidly 
because (1) it was deoomposeMl during gall formation,^ or (2) it was 
eliffuse'd away so rapidly that it failed to accumulate. Evidence about 

42oa72--4i — 
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the first is (liflieult to secure. The data from decapitated and whole 
plants in table 3 seem not to support this possibility. Tin* second 
possibility was studied by means of diffusion technique. 

DIFFUSION FROM GALL AND (X)NTROL TISSUE 

The amount of jjcrowth substance which diffusers from crown gall 
and (*ontrol tissiu* was studiiHl by a techniqiu^ similar to that employed 
by Went (17) with the tips of Atrna coleoptiles. Tomato plants, 
from which gall and control tissues were obtained, were grown in the 
greenhouse and inoculat(‘<l umh'r conditions analogous to thosc^ in the 
exti action experinnuits. The materials wiTe tested for diffusible 
growth substances at 1, 4, <S, and lb days after inoculation. 

Two stem segments vvuth a combiiK'd w(‘ight of 500 mg. and with 
one inoculation point i^ach W(‘re cut out with a razor blad(‘. In 
si^veral experim(*nts no growth substan(*(‘s w(‘re obtaincKl by diffusion 
from crown gall tissue itself. For this naison, alniut 2 mm. of sU'in 
tissue was left below the inoculation point, or gall tissue, when the 
inoculated segments were removc^d from tli(‘ plant. The lowiT (Uid of 
(*ach section was thoroughly washed with a ^^salt solution” compos(‘(l 
of NaCl, b gm. ; KCh 0.4 gm. ; CaClo, 0.4 gm. ; and 1120, 1,000 ml. (3). 
This removed the exudate from the cut c(‘lls and suppli(*(l a moist un* 
film to facilitate diffusion. The stcan si'gments were tlnm placial 
upright on agar blocks measuring 1 by 8 by 11 mm. and consisting of 
IJ^ percent agar in tin* salt solution. The blocks witc on glass 
microscope' slieli's. Tin* slides with their con*esnonding agar blocks 
and stem segiiK'iits were placed in Pe'tri dislu's lined with W(‘t tiller 
paper for 2 hours at laboratory ttunperature. Following this diffusion 
the agar blocks were (*ach (*ut into 12 equal parts and applied to Arena 
coleoptih's. Similar treatriKUit was given tissui' with control punc- 
tun^s. The re'sults are' corre'spondingly based on the' ave rage' euirva- 
ture of 24 e*ole'optiles for e'adi mate'rial per te'st. 

The pedarity of growth substance move'me*nt was ajqiare'iit sine'e' ne) 
active substance was eibtaineHl in trials whe'ii ste'in se'gme'iits we're* 
placeel top elown em the' agar l)le>cks. 

Table f). — Croirn gall and control tissue compared at }.rogtessive intervals in relation 
to the diffusion of grotrih suhstance'i, lOHO 
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> In nearest whole number except for averages. » A concentration of KK) gammas per liter. 
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Nurnt‘r(>us pn^liiniiuirv (‘xporinu^iits woiv coikIucUkI to (l(»tmniiip 
t!i(‘ r(‘lii(ion of (H>l(K)plil(‘ ourvatinv to (1) th(‘ ar(‘a of th(‘ diffusion 
surface*, (2) tlu* diffusion liino, and Cf) ih(^ w( 3 i w(‘i^lit of tlu* sample. 
The. results W(T(* (juitc* variable. Within the limits of th(‘ studi(‘s no 
signifieant relation was d(d.(‘.rmin(al Ix'twcuui lh(S(‘ iaetors and the 
(•oi(‘optilo eurvaturi'S. Th(‘ (hd.ails of results are omitted. SiiUM* 
mo<*ulat(*d and e.ontrol tissues W(U‘e similar rc'spc^etirjj; these factors, 
the n^sults ^iven in table 5 ani primarily (‘comparative. The valiums, 
whih' within th(3 su]>pos(‘d ran^<‘ of (piantitative ecol(u:>[)tile siuisitivity, 
eontain obj(‘(?tional)l(‘ variations. One represiuilative trial appi'ars 
in tabl(‘ 5. Tlu* aviua^i* of 4 trials is pven with e.orriH'tions on the* 
total-nit rojxen l)asis. 

As in previous trials, there was uo significant difference between the 
amount of growth sul>stanee secured from ino<‘ulated stems and from 
tlu)S(' n'ceivinir only control pun(‘tures. Thus, it appears that the 
diffusion of j>:rowth substanei^s from crown pdl is not si«:nifieantly 
higher than that from control tissue. 

DISCUSSION 

Tlu‘ nu'chanism by which the crown pdl bacteria induce the (‘barac- 
teristic ])atholoi!:ical cell growth has Ikhui invf'sti^atcnl by a number of 
researcli workers, as explained in the introduction. Koeently the 
chemical (‘ause of this diseased ^•rowth has been su^^ested or claimed 
to be beta-mdole-acetic acid or some closely related substance elabo- 
rated by the bacteria during {growth in the liost tissue This (‘oncept 
has b('en bas(Hl u])on S(‘veral lim^s of evideiu'c* (1) The crown ^^all 
bacteria produce beta-indol(*-acetic acid or a similar substance in 
suitabh* cultures; (2) extracts of the crown gall culture and of crown 
gall tissue when applied to suitable plants have* indu(*ed proliferation 
more or less closely resiunbling crown gall tissue; and (,S) preparations 
of beta-indole-acetic acid when applied to suitable tissue have also 
indiic'ed proliferation clos(*ly ivsembling crown gall. 

From tlu'se lines of e\idence it has a])peared to some that beta- 
indoh‘ -ac('tic acid is the activ(» bacterial metabolite and that the 
crown gall problem has been solved. All of these different lines have 
IxHMi studied and confirmed in the writers’ laboratories. However, 
(pertain additional ex])eriments have been imuh' in ])arall('l with 
these investigations, i^iey have slu'd further light upon the problem 
and cast doubt upon the validity of certain conclusions. 

'rh(‘ ni*c(‘ssily for rigid controls on (‘xperinuaits d(*aling with the 
nu'chanism of ci'll stimulation in crown gall and some suggt'stioiis 
n'garding tlu'in havt' bi*t*n indicat('d by Rik('r and B('rge (/.{). Wlu'ii 
such controls W(*r(* applii'd to the piTsent inv(‘stigation, it appeanul 
that not only llu' crown gall organism but various nonpathogi'iiic 
bacteria productal b(‘ta-indol('-acetic acid or c!os(*ly r(‘lat('d growth 
substance's in suitable* culture nu'dia. On the most- favorable 
me'diuin for this production the* maximum amount of growth sub- 
stance's e'ver se'cure'd was about 125 gammas per lit(*r (7). 

A varie'ty of e'xtracts from plants and also various e‘he*micals are 
capable* of inducing prolif(*rations in plants. Score's of such sub- 
stance's havti bee'll liste'd in the re'vie'W' by Rike'r and Be*rge* (74)* 
The* ove'rgrowths induce'd by beta-indoh'-acetic acid are histologically 
similar in many re'spects to those* induceel by crown gall bacteria (4). 
Although 1 pe'rce'nt and sometimes smaller amemnts may be e'ffective 
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on some plants, iiio common dosaj^e is 3 periHuit in lanolin, which 
corresponds to 30,000,000 gammas per liter. When used for inducing 
roots in cuttings, aqueous solutions of Ixd.a-indole-acctic acid are 
commonly diluted to less than 1 in 20,000 (50,000 gammas per liter). 
The concentrations occurring, therefore, in bacterial cAilturcs and in 
plant tissiu's are hundreds or thousands of times smaller than thos(‘ 
employed for inducing pathological growth with chemicals. 

The ''host rangt'’' of beta-indole-acetic acid is somewhat different 
{13) from that of crown gall bacteria. Then* are some plants that 
respond to this substance that are not susceptible to crown gall, whih* 
then* an* others susc(*ptibl(* to crown gall that do not n*spon(l to b(*ta- 
indole-a(*etic acid. 

Thus, it appears from the evidence pn*s(*nt(*d hen* (1) that the 
pres(*nt waiters have confirmed the exp(*rimental results (m(*ntion(*d 
earlier) of other investigators, (2) that they have provid(*d n(*w (‘vi- 
dence shedding further light upon the interpretations, and (3) that 
th(*se interpretations need revision. So far as the pr(*sent writ(*rs are 
aware, there is no satisfactory evi(h*nce showing that the ])athog(*nicity 
of crown gall bact(*ria can be attributed to the ])roduction of het(‘ro- 
auxin or similar growth substances measured by tiu* t(*chniqne h(*re 
employ(*d. 

How'(*ver, the* crown gall bacteria produce various growth sub- 
stances other than auxin use, in fact, everytliingthey require for growth 
in a pun*ly synth(*tic medium. Measurements n‘ported by Mclntire, 
Riker, and Peterson (.9) havt* shown the synth(*sis by this organism 
of unusually large* quantiti(*s of biotin, large amounts of flavin, and 
moderate amounts of thiamin and pantothenic acid. This ability of 
the crowm gall organism to manufacture other growth substan(*(**^ 
needs further study in relation to its cell-stimulating property. 

- SUMMARY 

Growth substances of the heteroauxin group have been studied in 
relation to crown gall formation. 

About 90 perce'ut of tin* variations in tin* Arena col(*optite test as 
used were eliminated by taking tin* results in t(*rms of het(*roauxin 
equivalents. 

No significant diff(*rences in auxin content W'(*re found betW(*en 
inoculated and control tissue* 1,4, 8, and Ifi days aft(*r inoculation, 
especially when comparisons were made on a total nitrog(*n basis. 

Galls and control stems from deca])itat(‘d tomato(*s contain(*d 
approximately half as much auxin as those from whole plants. How- 
(*ver, galls W(*r(* similar in size* on both kinds e)f plants. 

No significant ditfere*nce w^as found betw^e'en the auxin ce)ntent of 
tomato stems grown at 27° C., wh(*re galls dev(*lop, and at 31°, 
where ^alls do not deve*lop. 

No significant difference was found in the amount of auxin eliffusing 
from stems bearing galls and from control stems. 

The experiments of ce*rtain oth(»r investigator, from which sug- 
gestions or claims were made that substances like heteroauxin were* 
responsible for the pathogenicity of crown gall bacteria, have been 
repeated. Although th(*ir n'sults have been generally confirmed, their 
conclusions have appeared unjustified. So far as tlu^ writers are 
aware, the crowm gall bacteria are pathogenic ind(*pendently of auxin 
production. 
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A STUDY OF SAMPLING IN CROSS-SECTION MEASURE- 
MENTS OF WOOL FIBER ' 

Hy Hahbara Haile\ - 

Ri fivarch assistant in hnmc t cnnotnics, South Dakota Affrirultiuat Kxpcnno'nt Station 

INTRODUCTION 

SiiK‘(* tlu* pri'S(*Tit wool-^nidin^ syst(‘m is l)asi*(l lar^(*ly on 
(liam(‘t(*r, standardization of the t(‘(*hniqu(‘ of sani])lin^ and moasnro- 
iu(‘nt is of ^r(‘at iniportanci' to tln^ industry. VaiMoiis ])i\)c*(*dur(‘s ar(‘, 
now rniployr'd for the iri(‘asui*cnient of wool-fdxu* diainotiT, including 
tho (•r'oss-s(‘ction nudJiod, which is I'ca'o^nizcd as an olficial nudhod hy 
tlic AiiKU’ican wSociidy for Tcstin<>: MatcTials (/, pp. 173-170)'^ 

In tli(‘ pi‘(‘vions |)apcr‘ ( 2 ) a rlisciission of iiKdliods which iiav(‘ Ixaai 
and ai‘(* now in us(‘ in th(‘ Tnitcul States and foreign coiintri(‘s was 
pr(‘S(‘nt(Ml. It was point(‘d out that in th(‘ cas(‘ of the conventional rapid 
<‘ross-s(*ction nudhod it was not possible' to i‘e(*ord tlu* dianiet(*r at 
mor(‘ than a liniitc'd nundu'r of points alon^ tlu* filu*r length. This is 
in conti’ast to tlu* nietliod (‘inploye<l by tlu* British Wool Industries 
R(‘S(*airh Association and appi*ov<‘d by tlu* Int(*rnati(uud Wool T(‘xtile 
Orpinization ( 10 ) in which the iib(*i-s ai‘(* cut into V(*iy short l(*n^ths 
in oi-d(*r that tlu* (*ntii*(‘ h'li^th of tlu* hlu*!* may lu* r(‘pr*(‘S(*nt(‘d in tlu* 
final sainph* iu(»asui*ed. 

Malan, Carti*!', and Van Wvk (?) have* r(*C(‘ntly reported a study of 
\arious nu*thods of sampling; Nl(*i*ino wool filu'r for dianu‘t(‘r nu'asurt*- 
ruents. Oiu' s(*t of filu'rs was cut tran>v(*i’sely into as fine fra^irments 
as ])ossibh* thi’ou^hont tlu* l(*nji:th of tlu* lib(*r; the S(*cond set was cut 
ti'ansv(*i'si*ly at thi*(*(* points (base, niiddh*, and tip) alon^ tlu* tibi*r 
h'li^ths; tlu* thii’d w as cut transv(*i’sely at the middle of tlu* staple; and 
tlu* fourth obliciuely across the bas(* and tip of two difi‘i*r(*nt s(*ctions of 
fiber. Ku|)aral was used as tlu* mounting medium and tlu* dianu*ttTs 
of tlu* fib(*r’s as th(*y f(‘ll onto tlu* slidi* wer’e m(*asur(*d micros(*opicallv 
by two difb'i'ent obser\ (*rs, the assumption lu*in^ that tlu* fibers w ill 
fall in such a manner that a largt* numlu*r of measur’(*ments will form 
an e\ (*n distribution betw'e(*n greatest and li*ast dianu*t(*rs repi*esented 
in tlu* saruph*. Fi'orn a statistical standpoint tlu* author's concluded 
that tlu* third and fourth riu*thods had much to r(*comnu*nd tlu*m, 
the fourdli method bein^ the most difficult sarnplinjx procedure. 
Significant difr(‘r(*irc(*s b(*tw'(*en the nu*asurt‘nu‘nts of tlu* two observers 
w^(*re found. It was conclud(*d that the nu*asui-(*nu*nt of ‘ioO fib(*Ts on 
a single w'ell-])r(*pai*(*d slide is sufficient. 

Tlu* present study was undertaken to determine the variatum in 
Hb(*r diamet(‘r and contour in samples of fiber from thi'(*e positions 

' KpcoiMMl for publication June UaU. I*ai)er Nn 117 of the Journal Senes. South Dakota \gncultural 
K\f)erunonl Station. 

* The author >Mshcs to e\pn*ss her pratitude to Dr. S. 1*. S\^enson, associate amonoiuist for the south 
Dakota Apiiculturai E\|H»riineut Station, and to Dr F. 11 limner, tirofessorofaprononiy anti plant penetics, 
Uni\eisily of Minnesota, foi assiistanee\Mth the statist icnl anal.Nses of the data, and to Harlnim Webster, 
former student at South Dakota State ('ollepe, for i>reparinp the micioscopic slides 
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alon^ tlio fiber length. It wtis hoped that the statistical analysis 
would indicate' whe'tlu'r, in grading flocks of sheep, there is an ad- 
va-ntage in measuring fiber diameter at more than om^ point along the' 
fiber length and also whetlu'r, in the grading of individual samples of 
wool fiber, a significant differe'nce in diameter and contour ratio (‘xists 
at three specified points along the fib(T length. The' animals re'pre'sented 
in this study we're fe'el the same dii't and maintaine'el uneh'r the same 
environme'utal conelitions. 

METHODS AND MATERIALS 

Sample's of we)ol fibe'r fre)m the Ne)tail bre'e'el e)f she'e'p raise'el a,t the* 
South Dakota Agricultural Experinu'nt Statiem Jt) we're* take'ii from 
the* shoulde'r, mielelle*, anel thigh portiems e)f nine* inelivieliials. l\)rtions 
of the sample's we're' the'ii cut into three' e'epial parts, anel the* fiber 
thore)ughly cle*anee] in e*arbe)n tetrachloriele*, staine'el with a saturate'el 
sedution of picric aciel, anel store'd in a de'siccator cemtaining sulfuric 
aciel of a conceal tratiem calculate*el to maintain an atmeisphe're eif 
aiipreiximately fio pe*rce‘nt re'lative humielity. Ajipreiximate'ly one*- 
half of e'ach sample portion was re'quire'el to prepare the twei slieh's fen- 
liber me'asure'iiie'nts. The preice'dure's useel tei prepare' the' microseaipic 
slide's and to secure the fiber eliameter measure'ine'nts of 200 fibe'rs jie'i* 
sample' have bee'ii eh'seribe'd pivviously {2). In e*ach instance* the* 
diame'te'r reporte'el is that found at approximately the* mielelle eif (‘ae*h 
sample portion of the fiber, but it is neit peissible* in the cre)ss-se*ctie)n 
method te> recorel fibe'r diamete'r feir each iudivielual fibe*r use'el at the 
three! points me'asure'el. All the* me'asure'inents we're* maele by a single* 
observe*!*. 

The mean eliamete'i* anel contour ratieis we're* ele'te*rmine*el, anel the* 
stanelarel eleviation was calculate'el to furnish a measure* of the* varia- 
bility. The formula sugge*ste*d by Sne*eie*ce)r(/y)has be'en use*el threnigh- 
out in the chi-square* te'st for hoiueige'iu'ity e>f e'rreirs, anel in certain 
instance's Bartlett’s te'st for homeipnie'ity S) was applieel. The* 
analysis eif variance eh've'lope'el by Fishe'i* ((>) has be'cn applie'd threnigh- 
out the* stuely. 

EXPERIMENTAL RESULTS 

It is re'Cognize*el in the* analyse's of the* elata use'el in tliis eiiscussion 
that the* nine fleece's e'mploye*el elo not ne'cessarily characte'rize* the* 
Notail bre'cd. These* particular shee'p we*re' cheise'ii for the stuely 
be'cause it was be'lie've'el that the»y e*xhibiteMl e*e'rtain supe'rior fiber 
qualitie's and woulel be desirable' animals te) use* for bree'eling jmrpeise's. 
It was fe'lt, how ewer, that the* data obtained weiulel be use'ful in sugge'st- 
ing ce'rtain fibe*r re*lationshi()s that may e'xist in a flock of she'e*p anel the* 
advantage's or elisaelvantage*s of the* method use*el to stuely fiber 
diamete'r anel contour. The latte'r information wenilel be of particular 
value* to the* wool graeler.* 

Location on the animal, such as shoulde'r, mielelle, anel thigh, will 
be! indicate'd by that de'signation, and the particular point on the fibe*i 
will be referreel to as position in the! fib(*r. 

In table 1 are given the average diameters of 200 fibers from each 
of 3 locations on each of 9 sheep at 3 points along the fiber length. 
The standard deviation of single observations has been calculateel to 
inelicate the variability of these measurements. 
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'Faulk 1. — Aveiage dianifier and standard drvtation of single rneasurtrnvnls of 200 
wool fibers from each of 2 positions in the wool fihei at ,i locations on the Notail 
breed of sheep ‘ 
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If a composite is inailo of the luoasiireineiits of tlie fil)or in tlie 
tliree ])ositi()iis, consiclerahlo variation will he found to exist in fiber 
<liaineter between sheep-u itliin-fiber-position at any pven loeatioji 
(table 1). On an average* the standard deviation of the fiber at the 
thiirh of the fieeees was jrreater than at the middle and shoulder. 
The middle and shoulder showed ai)proximately the same variability 
in standard deviation ainonj]: tlie three portions of fiber within each 
loeation. 

As shown in table 2, with few exeeptions the ratio of the peatest 
diameter of the fiber to the diameter at ri^ht angles to it was greater 
than the 1 .20 : 1 ratio reported by Barker (^:^) for the ideal fiber. ith 
the exception of 1 middle and 11 thi^h samples all contour ratios were 
between ratios of 1.2 : 1 and to 1, the averap* ratio for \vool fiber com- 
puted by Von Bergen and Krauss (o). At each position in the fiber the 
average contour ratios increased jmigressively from the shouldei* to 
the middle to the thigh locations on the fleeces, and the standard 
deviations showed the same tendency. 

The chi-stpiare test for liomogeneity of errors has been used to 
determine whether the variability of the fiber diameter and contour 
measurements for separate locations on the fleeces and among the 
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various fiber positions were hoinoiiceneous (,9). The Bartlett test was 
applied in all the diameter measurements at the shoulder location on 
the fleeces, and in no case did the values obtained chanj^e the signifi- 
cance of the errors. Therefore, the results with Snedecor’s method 
are used throughout the present discussion. 


TABiiE 2. — Aiwraije contour ration and niaudatd devialionn of single mrasurmienfs 
of 200 wool fiberfi from each oj ,i positions in the wool fiber at S location n on the 
Not ail breed of sheep * 


Fh'sh Midpoint 1’tp j \v«*rago 


Location 


Shouhier . 


Middle 


Thiuh 


Sample No. 


i Mean 
; niHT- 
I con- 
' tour 
rat lo 
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4(530 . . 
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! 1 25 
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I 1 22 
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' 1 20 
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1071 . ... 
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, 1 25 
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1914 . . 

, 1 27 
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5412 . 

1 23 
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j 1 33 
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1 5151 . . . 
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5412 

.! 1 :40 
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1 25 
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0 l()7 
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1 21 
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1 25 
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1 22 . 
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1 21 
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I 25 1 

IIH 

1.43 

1 22 
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1 25 

1.53 ' 

1 24 
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l.'SO 

1 27 
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1 27 
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1 27 
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1 : 4.4 

1 28 

113 

1 25 

1.57 

1 25 
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H(5 

1 21 

15.4 

J 24 
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1 24 

1.52 
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1 2.3 
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1 2K 

l|(5 

1 24 

l.4lj 
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1 2.3 

l(i7 

1 23 
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1 22 
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1.45 

1 24 
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1 25 

1.52 

1 21 

H(> 
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]()2 

1 28 

1(»3 

1 27 
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I 2.5 
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1.51 

1 21 

14t 

181 1 

1 28 
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1 27 
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1 28 

17: 
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1 27 
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1(5.4 

1 21* 
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1.39 

1 .31 ^ 
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1 27 
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1 27 

119 

1 28 

1,5S 

1 27 
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144 

1 28 
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1 30 
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1.50 

] 21 
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1 2(i 
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1 23 
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1.5(5 

1 21 1 

MS 
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1.5.5 

1 27 

1(53 

1 2(> 
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, 1(55 1 
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1 28 . 

1,55 : 

I .30 ' 
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19(5 

1 29 , 
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20(5 

1 28 

189 

1 29 ' 
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1 . 3.3 
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1 :4(. 
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1 .15 
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17(5 
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1 29 
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1 :io 

187 
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I :45 
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1 .4.4 
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1 3.3 

i8() 

. 1(.3 

1 28 , 
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1 29 
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1 28 
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1 31 , 
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I 24 
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1 28 
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1 31 

184 ' 
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I’AH averatte standard deviations in this table were obtained as an a\eraRe within fleee»-s li\ averajtiim 
the squared standard deviations and eviractmtr th<‘ •^ijuare root 


Table 3. — Values of x‘ found from homogeneity tests of variance petiaining to 
diameter and contour measurements of fiber at different locations on fleece i 


i 

location on fleece 

1 )e^recs 
of 

freo<loni 

1 

1 

Flesh 

Shoulder 

8 

97.53 

Middle .. 


70 42 

Thigh. 

1 

« j 

! 

64.74 


! All X * values in this table exceed 1-perccnt point 


X ^ for— 


Diameter ('oiitoiir 


Midpoint 

Tip 

Flesh 

Midpoint 

Tip 

57 56 1 

96.78 

21.16 

28. 74 

20.22 

40.39 j 

160.11 

78.31) ' 

51. 26 ' 

44. 69 

48 24 ' 

152.22 

40.60 

41.78 1 

29.91 
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T«l)l(‘ .‘i sliow s t h(‘ values of for a hoinoj^cuieity test of errors for 
tli(‘ (lianu'ter and eoiitour ineasunuiients when a eomposite is made 
of all the H(‘(‘e(*s at any oth* fh^eee loeation and position. Jn the e.as(‘ 
of th(» diamet(‘r in(*asur('in(Mits all the eoinposites w(*re heterogeneous. 
Tin* (lesh and mid[)oint samples w(*r(* more lieteroj^eneous at the 
should(*r, and th(‘ tip at the middle and ihi^h locations. The most 
homog(*neous sample* was the* middle* midpe)int anel the me)st he*tero~ 
^eMie‘e)US the* rnielelle* tip. 

In the* e*ase* e)f the* e*onle)ur me‘asure*me‘nts (table* all the e*-om- 
pe)site*s we*re* he*te*re4^e*ne‘ous. In rne)st e>f the* e‘e>ntour measurements 
the* sampl(*s eliei ne)t e*.\hil)it as ^re*at a te*nele*ne*y te) he*te*re)^e*ne*ity as 
the eliame*te*r me‘asun*me*nts. 

If the* fil)er elata are* ji:re)upe*el ace*e)rdin<>: te) le)e‘atie)n e)n a fl(‘ece* and 
is e‘ompute‘el fe)r the* re*lat ie>nship l)etwe*e‘n til)e*r pe)sitie)ns, homo- 
<j:e*ne*ity will be* fe)unel te> e*xist in ap[)roxnnate‘ly thre*e*-fourlhs e)f the* 
diame*te*r me*asure*me*nts (table* 4). Thus in all but twe) ne*e‘ee*s at 
the* shouleh'r locatieiii, two at the* rnielelle*, ane! three* at the* thi^h, 
he)me)ji;e*ne*ity e*xiste*el be*twe*e*n the* lle*sh, miel])e)iut, anel tip ])e)rtie)ns of 
the* fil)e*r e)f the* same* tle*e*e*(*. 

I'vHLF. I <tj x“ itmmi l/otn honotg* m it ij tfsis of vondfut’ pcrtnuuNg /o 

iliiDio tii and noiloof inutstm nif kIs tO Jihn iiom (iijjcrrni lU'Wcs ^ 
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•*271 :is 

2 HS 

*•22 71 
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As she>wn in table 4, diameter was more hemu)^e*ne‘Oiis throughout the 
liber le*n^th than (’onte)ur ratie). Fiber that was home)p:ene*ous in 
eliarneter me'asure*mt*nts was not ne*ce*ssarily he)mo^ene*ous in conte)ur. 

Homogeneity of e*rre)rs is assunuMl in the calculations of the analysis 
e)f variance, but, as was shown in table's 3 ami 4, the indivielual fle(*ces 
and composit(*s did not t*xhibit this characteristic in all instances. 
Since, however, the nine Hee*ce*s stuelie*el were the only ones for which 
data W(*re available*, the* analysis e)f variance* was applied, r(*cognizing 
that the variability of the inelividiial libe*r me'asure'inents of the dilTea- 
ent she(*p was ne)t e)f a homopmeous nature. 

In table 5 are shown the nu*an squares for sheep, positions in the 
fiber, and the interaction of shen'pX position (erre)r) e)f the diameter and 
contour me*asurements. (ieneralizations r(^|?arelin^ average diame*ters 
and contours fe)r the three positions in the Tibe'r over the emtire fleece 
and for all sheep of the breed may be made from the data in this table. 
In the case of tin*, diameter measurements, differences between sheep 
measurements at a single location were highly significant, and differ- 
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ences duo to position in the fiber were significant at the middle location 
only. The mean square value for variation due to error was lowest at 
the middle location and highest at the thigh. 

In the contour ratios reported in table 5, a significant difference 
between means of fiber measurements at the middle location was 
found, while all other differences were nonsignificant. The error 
variance for the thigh location was approximately twice tliat of the 
shoulder and middle. 


Table 5 .— Mfau Kquarm foi shei pomiioii m th* fiber, and error ft om analpf^es of 
vannnre oj diameter and contour rnenaurernentH madi at ifnee locations on tin 
fleece ^ 
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T\ble i)- ‘Me(in sqaaits for position in Jibei and inoi at three locations from 
nnalifses of variance oj fihi / diomefet and contain measnri mi nts made for tin 
Sotail breed ‘ 
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12 
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Table fi shows tin* application of the analysis of varianc(‘. to the 
breed compositt' of the. three positions in the fil)er at the three locations 
on the sheep. Separation of the data by position in the fiber for the 
three locations in the composited fleeces is of importance in indicating 
whether choic^e of the position of measurennmt of diameter and 
contour is necessary or of significance in fleece grading. Variation 
due to sheep was found to be highly significant in all cases of diarned-er 
measurements, and in all but two cas(*a of contour measurements. 
The mean-square valutas due to error were relatively constant for tin* 
three positions at the shoulder and middle locations for the diameter 
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moasuroinonts, while the value for the flesh thi^h was almost three 
tini(‘s that- of the midpoint or tip thi^h. 

When the analysis of varianee was applied to the diameter studies of 
variation due to position in the fiber within a single loeation on a ll(H*re, 
differences wen* found to he significant at tin* l-piuceiit point in 15 
instances, significant at tlu^ 5-percent ])oint in 4 instances, and non- 
significant in 8 instance's. These results are shown in table 7. In the 
majority of Hee'ces studi(*d tlu' m('an-s(|uar(‘ value's for variation due to 
error were appre'ciahly higlu'i* at the thigh le»cation than at either the' 
shoulder or the midelle le)e'atie)ns. The range in significance found fe)r 
the s]}ecific pe)sitions within le)catie)ns e)n a fle'ece inelicate'S that the' use' 
to which the data we)ulel be* [)Ul will be the* eh'cieling factor in sainpliiui: 
fle(?ce'S fe)r analysis. 

Tablk 7 Mean Rqunteti joi pui^ihon in i he Jibe t and emu ft am annlqsrs of rai lann 
of fiber diamitei mi‘(isuremenl'< mad( at i locatums on the Jieeci ^ 
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02.11 
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02<)2 
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0.44:4 
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0285 

*• 1271 

01S7 

0.400 

0:457 

0.15() 

0221 

•* 2957 

o:429 


1 •Exr<'<Hls5|W‘r(Tiit imiIiK in (he •^•xt•^‘eds 1 iMTiriit point in the / test 

* 2 ''of freodom 
^ 597 '’ of freedom. 


In table 8 an analysis of variance is applie'd to the contour nieaisure- 
ments at the three positions in the fiber at a single le)cation e>n 
individual sheep. Variation due to position within a single mcation 
for contour on a fleece was highly significant in nine instances and 
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significant in lliroo instances. In onlv three of the fleeces wer(‘ 
significant differences found at the middle location on a fleece. With 
two excc'ptions variation due to error w^as higher at tlie thigh than at 
either the shouldcu* or middle location on individual sheep. 

FurtJier justification for the application of the analysis of varianc(‘ 
wlicre heterogeneity has been shown may be S('en by examination 
of the data in the tables presented above. Using measurements at 
the shoulder location as an example, while the variances between 
fibers within individual sheep were heterogenous, the variances for 
individual sheep ranged from 13.13 to 33.23 (table 7), all numerically 
small as compared with the variance due to sheep X position (204.78). 
There can be little (piestion that the variance between sheep is highly 
significant. The range for individual sheep (13.13 to 33.23) wdiih' 
significant because of the large number of measurcanents involved, is 
relatively unimportant because of its small influenct* in changing the 
value of the interaction. 

SUMMARY AND CONCLUSIONS 

Since sampling of wool flc'cces, preparation of microscopic slides, 
fiber measurements, and the necessary calculations ar(‘ all tinu‘-c(>n- 
suming procedures, the present study was undertaken to d(*t(‘rmin(‘ 
whether in wool-breeding programs tlu* measurement of filxa* diainet(‘r 
and contour at more than one point along th(‘ filxa* hxigth is of im- 
portance. The samples of wool w"er<‘ takcai from diflcrent locations 
on fleeces of sheep of the Notail breed, expos(^d to thc^ same environ- 
mental conditions and given the same feeds! uffs. 

Examination of the analysis of variance indicates, in giMieral, that 
significant differences in diameter of fiber existed betwi‘en the various 
sheep of the same breed and that in some fleeces significant difrerenc(‘s 
in the measurements of diameter and contour at various points along 
the fiber length were present. 

Homogeneity of fiber diameter and contour m(‘asurtunents did not 
exist between fleeces within the breed studied and within positions 
in the fiber at throv, locations on the same she(*p. Homogeneity was 
found in approximately three-fourths of the instancies wduui the x" 
test was applied to studies of wool from the three fiber positions at a 
single location upon individual sheep, and in more* than om^-half of 
the contour measununents of the same grouping. 

Applications of the analysis of variance to fleeces and fl(*ece coiti- 
ponents indicated significant differences involving diameter measun*- 
ments because of variation due to location on sh(‘ep (shoulder, middle, 
or thigh); variation due to position in the fiber at the middle location; 
variation due to shei'p at the three fiber positions for each fleec<‘ 
location in all instances; and variation due to position in tin* fib(*r for 
approximately two-thirds of the individual fleeces at each location. 
In the contour studies significant differences were found Ix'cause of 
variation due to shee[) at the middle location; variation diu' to she(‘p 
in all but two instance's of positions at each location; and variation due 
to posh ion in less than half of the fleeces at each location. 

From a practical standpoint, the measurement of fiber diameter and 
contour at all three positions used in the present study would not 
seem tx) be necessary in a breeding progi-am where such measurements 
are used in the preliminary elimination of undesirable* or variable 
animals from the flock. Examination of data obtained by measure- 
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rrionts at a single position u|)o!i filters at throe locations on tlie fleeces 
would indicate whether appi(‘ciahle variation ainon^ locations (*xist(;d. 
I'hese same data could lx* used in coinitarisons of she(‘p within a flock. 

From the results h(*r(‘. reported it may lx* concluded that in studies 
of the effi^cts of environment and feed, extnsideratioii of variation 
throughout the len{.^th of tlx* wool fiber is of importance. Spinna- 
bility of wool is effected by contour and diamet(*r and their variation 
among and within fibers. Thus, in conducting a wool-breeding 
program to produce a maximum of d(*sirabl(* fleece* qualiti(*s, this study 
iixlicates that dianx*t(*r and possibly contour should be m(*asured at 
more than one ])oinl. 
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ROOT ROT OF PEPPER AND PUMPKIN CAUSED BY 
PHYTOPHTHORA CAPSICI > 

ISy M. Tompkins, nssiMlant plant pulhologist, Califonna Af/nrultural Ed‘pinri- 

nivnt Elation, aiul (\ AI. Tri KEU, rhainnan, Drpnifnirnf of fiofnny, Misnotiri 

Af/rirultural Enpantm nf Elation 

INTRODUCTION 

A (lostruutivp root rot of lirll or sweet preen tiepper {('ajhsira/ih an- 
naanh L. var. grossum Sendt.) and pumpkin {CururhJfa j>epo L. var. 
ro)ulnnm Bailey) j)lants was observed in a truck section of tlie San 
Joa(|uin Valley, near .Merced, Calif., on May UK 1934 (?').- In 
addition to a hipli mortality, many ])lants showed sudden and severe 
wiltinp, and as the s<»asoii jiropivssed, th(‘re was a marked reduction 
in stand. The disease was caused by Phytoplifhora (uipxfrl Leonian 
(J). Be(;ause of the economic* im|)ortance of these ci*ops, an investi- 
tration of the disease was undertaken. The jvsidts ai*e presented 
herewitli. 

REVIEW OK IJTERATURE 

In 192:^, Leonian (•>) described a stem and fruit blipht of chili 
pepper, caused by Phyfophihora capsivi sp. nov., which Avas prevalent 
in New Mexico. Symptoms of tin* disease* consisted mainly of dry 
lesions on the pods, bliphtinp of younp and older branches, and 
pirdlinp. While the pathopen diel not cause a root rot under field 
or preenhouse (*onditions, it sometimes affected some of the younper 
I’oots. Introduction of the funpus into the M^il failed to cause wilt- 
inp of Iiealthy pepper plants. 

Subs(*quently, the blipht jdiase of the elisease wa^ reported fiom 
other States and foreipn countries. There are, however, several 
reports dealinp with the root rot phase which are herewith reviewed 
because of their diiect bearinpon this pajier. 

AVilt and desiccation of chili and eppplant seedlinps, accompanied 
by a collar <*onstriction, was recorded in the province of Naples, 
Italy, in 1924 by Trotter {11). The flowej*s and foliape were not 
dij*ectly aff'ec^ted. The causal orpanism was identified as Phytoph- 
thatu omntvora. This aj)j)ears to be the first I’ecord of the occur- 
rence of a phytophthora (liseasc* of pej)per characterized by wiltinp 
due to root infection. 

In 1927, Curzi, (/) described a root rot disease of chilies caused 
by Phytophihom hydrophlla. There was evidence that the disease 
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was spread by water. Tucker {1^) has siiH*e showui tliat this si)ecies 
is identical wdth P, capsid . 

Sarejanni (/>) found a serious collar rot of (;liilies in Macedonia, 
Greece, in which was caused by Phyfophthora. capsid. At 

least 70 percent of the cro]) was affected. Diseased plants quickly 
wilted, wdiile occasional atta<*ks were noted on the fiuits and on 
young plants in seedbeds. Infection was favoi*od by heavy watering 
and the prevailing high suinnier tein))eratures. 

In Florida, in Jt)32, Weber (IJ) observed both a blighting of the 
aerial parts (stems, blanches, fruit, and leaves) and a girdling of 
pepper plants at the soil level by Pht/tophfhora <^apsid^ resulting in 
sudden wilting and death. The latter symptom may have been 
caused bv rcM)t infection, although it is not so stated. 

According to Kreutzer (o), a species of Phyfophthora (probably 
P, capsid) isolated from rotting cucumber fruits caused severe^ 
damping-off of cucumlKU* and jHqqier seedlings. Also, 10 to 20 days 
after the fungus was introduced into soil in which mature ])ej)per 
plants were grow ing, the plants developed a severe blight. 

In a recent annual report of the Colorado Agricultural Ex])eriment 
Station (<V), is was stated that Phyfopthora capsid, obtained from a 
fruit rot of tomato, had been shown to cause a w ilt of pepper plants. 
In Weld county, the same organism was resj>onsible for a wilt of 
squash and watermelon. 

The results of further studies on a de(*ay of cucumber and tomato 
fruits and on a wilt of squash and w^atermelon vines, caused by 
Phyfophthora. capsid, w’er(‘ recently publislied by Kreutzer, Bodine, 
and Durrell (i). 

Tompkins and Tucker {10) showed that an isolate of Phyfophthora 
capsid from a honeydew melon caused wilting of young ])e))per plants 
in the greenhouse within 10 days after its inti*o(Iuction into the soil, 
and after 20 days all wv‘re ba<lly wilted and dying. 

Godoy {J) in a recent ])aper mentioned the cKrurrence of darnping- 
off of jiepper seedlings in Argentina. 

FACTORS FAVORING INFECTION 

Pepper and pumpkin plants re<|uire. abundant sful moisture, good 
drainage, and relatively high air teinjieratures for o])timum growth. 
By the same token, these are the princi])al environnamtal factors 
which favor inception and spread of the root rot disease in the truck 
sections near Merced. In most castes, these crops are grown along 
river bottoms and in low’ areas which, although rich in fertility, lack 
adequate drainage. With frequent, heavy, surface irrigation, nec<*s- 
sitated by the growth requirements of tlie plants, the soil quickly 
becomes excessively wet and often waterlogged. 

It has been observed that wdien plants are grown on higher, well- 
drained ground and supplied with only enough moisture to satisfv 
growth requirements, then tlie incidence of disease is greatly reduced. 

SYMPTOMS OF THE DISEASE 

Field observations and greenhouse t(‘sts under controlled conditions 
indicated that infection of pepper and pumpkin plans by Phytoph- 
fhora capsid results in symptoms (‘ommon to both. Although a few* 
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plants die early in the sc^ason when tein|)eratuies are naturally lower, 
a high incidence of disease is uncoinnion until the advent of high leiu- 
peratures at niidseason, at whi(‘h time many plants have reached (lie 
fruiting stage. Iidection continues on a high level during the rest of 
season. The disease apjieai-s very smldenly, and infected plants 
usually die jiromptly. 

Above ground, the chief diagnostic symptoms of (he disease con- 
sist of a rapid, iiermaneiit wilting of the h^avt^s, without noticeable 
change in (‘olor; a blackish-lirown dis( oloiation of tin* lower part of 
the stem, adjacent to tlie soil level: and collapse of the stem, fol- 
lowed by lodging of the plant on the ground. 

Under ground, tin* invaded roots and stems show a soft, water- 
soaked, bla(‘kish-brown, odorless type of decay whi(‘h ultimately in- 
volves all tissues. Diseased plants are easily ])ull(‘d from tin* soil, 
but invariablv the cortex of tlie ta])r<Hit and lat(‘ral roots sloughs ofl[‘ 
and nmiains l)ehind. 

THE CAUSAL FUNGUS. PHYTOPHTHOKA CAPSICI 

ISOLATION 

rhe cau>al fungus. Rtnfiitytifhorii was readily iMilated 

from the roots and basal part of the stems of recently infected ])(‘]>per 
arnl pumpkin jilants by removing aseptically smalT tissue fragments 
from the internal, advancing margin of decay, jilanting on either 
prune or malt -extract agar (C), and incubating at^room temperature. 
Also, small sections of tine lateral roots, after thorough A\ashing, were 
plantinl dir(»ctly on agar. After 48 hours, pure cultures of the fungus 
were ('stablislu'd on agar slants by transfeiring hyphal tips from the 
(‘(Ige of the IVtri-di.sh colonies. The fungus was cultuivd at inter- 
vals from several lots of naturally inf(‘cted sjiecimens, involving 
about lOU )>ep]>er and oO jiumpkin plants. Ihire cidtures of P. rap- 
s'trt were constantly obtained from tissu(‘ plantings, and there was no 
indication of tin* j)res(*nce of other species, 

IDKNTITY AND TEMPERATURE RELATIONS 

tk>m{)arat ive stinli**^ w(*re made on three isolates from Yellow 
Urooknec'k iiumpkin, one from Summer pumpkin, and two from bell 
pepper (var. Barbanera no. 1). All isolates were secured from the 
roots and lower portions of stems of diseased ])lants in the Merced 
area. The isolates exhibited the usual slight variations in type and 
rapidity of growth in agar plates, in tendency to develop sjxirangia 
and oogonia, and in sijce of reproductive organs. The isolati^s from 
pumpkin (amid not be distinguislH'd from those from p('pj)er. 

The sporangia were jiajiillate, limoniform to invgular or elongate, 
with a mean size of 41 by "M) microns when j>roduced in oatmeal-agar 
cultures. In liquid cultures the sporangia were s(miewhat larger and 
produced zoospores more frecjnentlv than when developed on agar 
media. Uhlamydospores were not observed, but in oogonium-])roduc- 
ing cultures oLvasional unfertilized oop)nia germinated by gcuni 
tubes in the manner characttudstic of chhunydospores. 

Oogonia and oospores were formed in large numbers by one iso- 
late. while tw'o failed to develop them even after 8 months' incubation 
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at 15'' C. The remaining three ivSolates developed a few oof^onia and 
oospoi*es in old cultures. The aiitheridia were of the permanent, 
ainphigynous type, encircling the stalk of the oogonium. 

llie temperature-growth relations of the isolates were observed 
after 90 hours’ growth on Difco corn-meal agar {)lates (pH 6.1). 
All grew well at temperatures ranging from 15" to 85® (1 The oi)ti- 
mum temperature appeared to lie between 25® and 80®, two isolates 
showing slightly greater growth at the former and four at the latter 
temperature. Minor differences were observed in gi’owth rates, and 
in the appearaiure of the mycelial weft, which varied from regxilarly 
radiate growth to a matted, slightly irregular type. Some isolat<‘s 
exhibited both tvi>es of growth* when incubated at different 
temperatures. 

The isolates from pumpkin and pepper corresponded very well 
in all characters with isolates of Phytophfhora capnict from pepptu* 
studied under comparable conditions by Tuf‘ker (f^), with isolates 
from honeydew melons reported by Tompkins and Tu(‘ker {K^), and 
with isolates from Winter Queen watermelons stinlied by Wiant 
and Tucker (A^). 

PATHOGENICITY TESTS 

Pure cultures of Phytophfhora^ capstcl^ isolated fnuii the roots of 
naturally infected Barbanera No. 1 pepper and Early White Bush 
Scallop, Zucchini, and Yellow Crookneck pumj)kin plants, were used 
in the infection experiments. Inoculum was prepared by growing 
the pepper and pumpkin isolates of the fungus on sterilized, moist- 
ened cracked wheat. It was added in uniiorm (juantity to auto- 
claved soil in 0-inch pots, each containing a young ])lant, in a 
manner designed to avoid wounding the roots. Sterilized wheat was 
used for the noniruKudated, controls. The jilants, grown in a gn»en- 
house at temperatures ranging from 2H® to 82^^ t\, were watered 
heavily each day to provide favorable conditions foi* infection. 

Ox Pkppkr 

The pathogenicity of three peppc^r iso]at(‘s was proved on the 
variety Barbanera No. 1, because this pej)per is grown extensively in 
the Merced section. On July 18, 1984, 25 pej)per i)lants wei'e iiux’u- 
lated with each isolate. By August 1, all plants were infected, the 
incubation period ranging from 0 to 14 days. Symptoms shown by 
diseased plants were identical with those resulting from natural in- 
fection (rig. 1, A). Typical wilting of the leaves, destruction of the 
root system, and browning of the basal part of the stem with lodging 
of the i)lant occurred. When diseased plants were jiulled froni the 
soil, the soft, watery, blackish-brown cortical tissues sloughed off 
from the central cylinder of the taproot (fig. 2, A). Most of the 
lateral roots were completely rotted, in marked contrast to the healthy 
condition (fig. 2, B). The 15 noninoculated controls continued 
healthy (fig. 1, B). All infected roots yielded the fungus when 
plated. 

On August 17, a total of 60 |)epper plants of tin* same variety were 
inoculated with the reisolates. All jdants were infected by August 27, 
the incubation period ranging from 5 to 10 days. The 10 noninocu- 
lated controls remained healthy. 
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Daniiiiii^-off of Barbaiioru Xo. 1 ])ei)i)(‘r soedliii^s ocninvd wlioii 
seeds were jilanted in previously infested soil or in autoclaved soil 
<0 which the funijus isolates were later added. 


On rCMCKIN 

The pathogenicity of the ]>uinj)kin isolates was proved on the varie- 
ties Early Wliite Bush Scallop, Zucchini, and Yellow (h*ookneck, the 
seeds of which had been obtained from a ^lowei* in tlie Merced 
section. On Aujrust 10, 1034, 25 punifikin plants of each variety were 
iiUK'ulated with eacli isolate*. By August 31, all plants were infected, 
the incubation period ran^in^i: from 12 to 21 days. The symptoms 
shown by fliseased plants were identical with those result iiiff from nat- 
ural infection and followed (juite (dosely the seepience descrilied for 
artificially infectcMl pepj)er j>lants. The* furmus wa*^ reisolate*el from 






F.e.cKK 1. IMiyloiilil h(»ra root rot <if iH*p))or and puin|>kin : I. .\rtitirial liiftM tioji 
<if tin* fieppor variety r>aii)an<*ra Xe». 1 after 8 da.^s, sliowinjr rapid wiltinjr and 
collapse of the plant ; //, liealthy <‘4mtrol. 

Jill infect(‘d plants. The five iie)nine)culated (*e)u(re)K e»f eacli variety 
remaineel iiealthy. 

On Septenibe*r 15, 20 pumpkin plants eif each e^f the femr vari(*ties 
were ineiculatenl with the reise)Iati‘s, anel till jilants lH*came dise*asoel 
bv September 25. The incubation })eri<Kl range*d from 5 to 10 elays. 
1 he* ne)nine)t‘ulaled eatntreils remained healthy. 

Similarly, damjiin^-otf e>f Karlv White Ibish Scalloj), Ziurhini, and 
Ye*lle)W (^rookneck pumpkin seenllintrs oceairred, as mentioned above 
feir pepper. 

( 'KOSS INOCCLATIONS 

In parallel inoculations, three isolates of Phyiophihom caplin 
from ])epper proved pathop;enic to Early White Bush Scalleip, Zuc- 
chini, and Yelleiw CrtKikneck plants in tlie o^ivenhouse, and, likewise, 
two isolates each fremi Early White Bush Se'alleip, Zucchini, and 




Fjgure 2.— Phyfophtliora root rot of pepper and pumpkin: A, Blackening: of the 
stem and decay of the root system of young Barbanera No. 1 pepi)er plant: 
B, healthy control 
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Yellow (^rookiieck j)uni|)kin can^ecl infection of ])e|)per plants (lig. 3), 
with incubation j)erio(lh closely corresjxmding to those just mentioned. 
It may be assumed, ther(‘for(‘, that these isolates, based upon their 
infetrtlve capacity, are very similar, if not identical. 

Yhese isolates were also tested by inoculating healthy Zucchini 
l)nmi)kin and p(*pper fruits in the laboratory, using the technique 
descril>ed elsewhere (10). All isolates induced a severe type of fruit 
rot. 

SUSCEPTIBILITY OF PEPPER AND PUMPKIN VARIETIES TO 

INFECTION 


Numerous commer(‘ial varieties of ])e])per and pumj)kin mciv tested 
for susceptibility to inhM-tion with their respective isolates of Phy- 
iophthont rajh^lri. No fewtu- than ijlant^- of c‘ach vaiiety wctc 
inoculated according 


to the ])rocedure pre- 
\ iously <lescribed, in- 
volving in the aggre- 
gate about lLoOO ))ep- 
pel- and 3(M) ])umpkin 
plants. All varieti(*s 
proved to be highly 
sus(‘(‘pt ible. with no 
survival of individuals 
in any i>ar(iculai- va- 
ri(‘ty. The incubat ion 
p(*i iod for l»epiM:‘r va- 
I’ieties ranged from 
aluuit o to days: 
for pumpkin varieties, 
from 4 to 33 da\s. 
When considered col 
le<*t ively, the minimum 
iiu'ubation ])eriod for 
pepper varieties was ^ 
days and the maxi- 
mum ‘JP days; for 
])um])kin idants, the 
minimum was S days 
and tlH‘ maximum 23 
days. 



t'Kii UK .3 Pli\n>pluhoi*ti riM»i rot iH*i>l)er iind 
puin|ikm Ariilicial infection of >ounjr pepper 
plant, after U» days, with an isolate of 
thura rapsict from Znccliinl pumpkin, showing: a 
black ish-brown discoloration (►! the basal parr of 
the taproot and stune lateral roots. 


in the wd liter of 1P37, seeds which had been collected at M(M(*ed 


from jipparently resistant Barbanera No. 1 pejtper plants were 
j)lanted in autoclaved soil in the greenhouse. The progeny proved 
Iiighiy susceptible upon inmailation. 

1'he following varieti(*s of pepper were tested in the greenhouse: 
Anaheim, Asgrow’ King, Bell or Bull Nose Hot, Bell or Bull No.se 
Sweet, Bird.seye or Coral (item. Black Long of Mexico, Ihiuntiful 
No. 7, Bulgarian, California Wonder, Cayenne, Cayenne Large Thick, 
Cayenne Long Narrow, CVlestial, Cherry, Chinese (liant. Colossal. 
Crimson (iiant. Dwarf Chili Red Cluster, Early (liant. Early Moun- 
tain, lilephant Trunk, Floral Gem, Giant of China Golden Yelknv, 
Giant of China Red, (iloria. Golden Dawn, (Jolden Queen, Green 
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Mexican Pickliiif?, Green Pointed Sharp, Harris Earliest, Harris 
Early Giant, Heitfer Horn, Hercules, Hnnpuian Hot or Banana, 
Hungarian Yellow Wax, Kaleidoscoj)e, Kalinko, King of the North, 
Large Bell or Bull Nose, Large Early Neapolitan, Large Long Red 
Cayenne, Large Mexican Chili, Long Hot or Finger, Long Podded, 
Long Red Cayenne, Mexican Chili, Mile High Swec^t (liant. Mon- 
strous, Narrow Podded Neapolitan, Neapolitan Giant, New Victoi’v. 
Nikko Togarashi, Nocera (Jolden Yellow, Nocera Large Rial, 
Nordico, Ohio Crimson (3riant, Oshkosh, Piniiento, Prince of Wales, 
Prizetaker, Procopji’s (liant Red, Proteus, Red Clu»rry, Red Chili, 
Red (duster, Red Hercules, Rosse, Royal King, Ruby (iiant. Ruby 
King, Ruby King Special, Spanish Bull, Spanish (lOin, Square Yel- 
low Big of Naples, Squash or Tomato Hot, Squash or Tomato 
Shaj)ed, Squash or Tomato Sweet, Sudanese Chili, Sunnybrook, 
Sunnybrook Sweet Cheese, Sweet Meat Glory, Sweet Mountain oi* 
Mammoth, Sweet Salad Tomato, Sweet Spanish, Tabasco, Taka-Nc)- 
Tsunie, Tomato or Squash, Tomato ShajK'd Red Scpia.sh, Tom 
Thumb Round Scarlet, Verde, Verticus, White Stum]) Sweet, Wind- 
sor A, B, (\ I), E, and G (selections from the (Connecticut Agricul- 
tural Experiment Station), World Beater, Yatsu-hdisa. Yellow 
Hercules, and Yellow Oshkosh. 

The following varieties of pumpkin were tested in the greenhous(‘: 
Early Green Bush Scallop, Early White Bush Scallo]), Early Y(‘h 
low Bush Scallop, (iiant Summer Crookneck, Italian Marrow (V)(‘o- 
zelle, Italian Marrow Zucchini, Mammoth Summer (Crookneck, Table 
Queen, and Yellow Summer Crookneck. 

EXPERIMENTAL HOST RANGE 

Young plants of squash {(Uicuthtta jna,>iina I)u(*hesne), egg|)lant 
{Solatium ruelotujcua L. vtvr. et^rulcutam Nees), tomato {lAjcopcvA- 
eum esculentum Mill. var. vahjare Bailey), and Turkish tobacco 
(NicoHana tabacum L.) were tested in the gr(‘enhouse for suscept ibility 
to infection with the pei)per and ])Ujnpkin isolates of Phiffophthom 
eapsir/\ using the inoculation technique previously described. A suit- 
able number of noninoculated controls was resei ved for each variety 
tested, and during the experiments they continued healthy. Reis<)- 
lations were ma<le from all diseased specimens, and the reisolated 
fungus from a jiarticular host Avas then tested by inoculation into 
healthy specimens of that host. 

The following varieties of squash proved highly suscejitible : 
Banana, Blue Hubbard, Boston Marrow, Delicious, l)eli(*ious Golden, 
Golden Hubbard, Hubbard, and Waited Hubbarcl. 

Of the five varieties of eggplant used, only two were shown to be 
suscej)tible, i. e., Black Beauty and Large New York Purple. No 
infection was obtained .on Colossal, Florida High Bush, and Im- 
proved Large Purple. 

Only one variety of tomato (Early Santa C'lara (\nner) Avas 
tested, and it proved highly susceptible. 

None of the isolates caused infection of Turkish tobac(ro jilants. 

Tubers of potato (Solatium tuhcroHUtti L.) var. Russet Burbank 
were inoculated with pure cultures of the five isolates in the labora- 
tory, but they remained healthy. 
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SUMMARY 

A root rot of i)e|)p<‘r and j>uinpkin plants, causexl by Phyto pJithora 
rapslci Leoiiiaii, is ])r(»valrnt in the San Joaquin ValliV, ia?ar Merced, 
Calif. 

Excessive nioisture, inadecjuate soil drainage, and lii^h air tempera- 
tures definitely favor the inception and sj)read of the disease. 

The root system and the basal part of the steins of pepjier and 
pumpkin jdants s1k»\v a soft, wet decay. Permanent wilting of the 
leaves occurs very suddenly, with ultimate collapse of the stem and 
lodging and death of the plants. 

Tlie isolat(‘s of the fungus from pepper and pumpkin are described. 

Infection was obtained in the greenhouse by adding the fungus 
to tlie w(‘t, autoclaved soil of ])otted plants, 'fhe incubation period 
ranged from (> to 14 days for pepjier and from 12 to 21 days for 
pumpkin idanls. 

Successful cross inoculationv were made with })ep])er isolates to 
pumpkin, and vice versa. All isolates caused dam[)ing-otf of pep])er 
and ])umpkin seedlijigs in the greenhouse and rotting of pepper and 
pumpkin fruits in the laboratory. 

The peppei* and pumpkin isolates of l^hyfophthora afpsic} were 
also pathogenic to squasli, eggplant, and tomato plants. 

No resist aiu'e to the disease was found in any of the* varieties of 
p(‘pl)er and ])umpkin tested under gri*enhouse comlitions. 

LITERATURK CITED 


111 ri HZI, MaUIO. 

IUI’7 riZIOKHUV 111- LI \ ••( \NCKENA riI»AIX’‘ DU, CADS K CM ANXXX’M L 
Riv <li ratel. Ve^ 17: (1 1 10, illus 
(lil (lnix)\ Eunksio E. 

1040. KL “MILD 1 -A\” (> '*TlZo\'‘ I)l' L IMMIINUI ClUlDl ( IDO I'OU LA “PHA'lliril- 
THOKA CAPSUl” IN lA KU'DICK A AlUtl NTINA Ea IMatjl llliv. Xa(‘.. 
EaeiillaU Oe Aju'ixui in*\ L*4 : |2Jr») 2S0. Illus (Eimlish siiuimaiy. 
p. 2 S(U 

l.X) Kmi r/XK, W. A. 

10a7. \ rn^Toen'l iioH \ am ot < rc tmdfu ikccj. (Alistratt) Rliyto- 
patholojiy 27: 055. 

(4 1 , Rodink, E. W., and l)i rkki l, 1,.. W. 

1040. CCUCniHlT DISRXSKS \M> KOT Ol* TOM \TO FUT’IT i VCSED DY PHYIODH- 
TiioiiA cwsici Rliylopatliolojsy ,‘10: 072-070, illus. 

(5^ LkoMan, Lion H. 

1022 . STEM AND I’KCIT DLIOIIT 01 rKei'KKs iMsLD in Pin rODHTIlOU \ 
( APSK I sp. NON IMiytoi>allioloj;y 32 : j 40 l | 40 S. illus. 

(01 MEinuicn, V. \\ 

10IM. MKDICM rou r.KONVTH OF PYTUIACKOI s FCNl.I. ( IMl.Mopal ll. Notc) 
Pliytopatholo^y 24: 1127 112S. 

(7) Mcmfoud. F. H., and Shiukv, S. R. 

31)00. WORK Ol THE A<illlC('LTrii.\L KXPERIMLNT HTA IION. Till R! l»OKT OF THE 
DIRECTOR FOR THE YEAR ENDINO .ICNE .'50. ULL'. Mo. A^T. E\pt. StU. 

Rui. :i7o. m pp . mu'*. 

(S) Sandsten, K. I*. 

loao. director’s ANNT’AL REIMKT, FIFTYSKCOND FISCAL YEAR. 1 JLLS-.ii). 

(^)lo. Affr. Kxpt. Sta. Kpt., (Kl pp. 

(0) Saiumanni, J. A. 

30J10. LA POCRRITI^KF DC C’OLLET DEs sOI..^N^:KS C'CLTIVEFs FT I N CLASSTH- 
CATION DU GENRE Pll YTOPHTIIOKA. [ AtllPIlSj IllSt . Rliytopatll. ReiUikl 

Ann. 2 : | 35 J-«^ 52 . 



426 


Vol. No. 7 


Journal of Agtioultural Re^search 


(10) Tompkins, C. M and Titckeu, C. M. 

1987. PHYT01»TH0BA HOT OF HONKYDICW MEf^ON. JOUF. A^F. KOS. 54 1 
033-944, illUH. 

(11) Thotter, a. 

1924. “(ANC’UKNA PEUALB’' del PEPFRONE E MELANZANA NBLLA CAMPANIA, 
(CAPSICUM ANNUUM E SOLANUM micta>noena ) . Kiv. (ii Patol. ¥<% 34: 
[125] -130. 

(12) Tucker, C, M. 

1931. TAXON OAfY OF THE CJENUS PHYTOPHTH0R.\ DE lUBY. Mo. A^F. KXf)t. 

Sta. Kps. Bill. 153, 208 pp., illus. 

(13) Weber, George F. 

1932. BLKJHT OF PBWFRS IN FI^ORIDA ('AUSED BY PIIYTOPIITHORA CAPSTCT. 
Pliytopatlioli^j^y 22: 775 780, illus. 

(14) WiANT, James S., and Tuc ker, C. M. 

1940. A ROT OF WINTER QUIEN WATERMELONS (’AUSED BY PH YT’OPHTHOKA 
CAPsiC'T Jour. Aj^r. Rc^s. 00 : 73-88, illus 



THE CHEMICAL COMPOSITION AND APPARENT DIGESTI- 
BILITY OF NUTRIENTS IN SMOOTH BROMEGRASS 
HARVESTED IN THREE STAGES OF MATURITY ' 

.lKItK\ SOTOLV 

Afisonafr pjofessot and a.s.soaatr animal husbandman, WashuKjtnn Agucultural 

Et pn i me n t Slat i on 

INTRODUCTION 

Smooth hroim‘^niss (Bronnis uurmls L(‘V'^s.), i\ \(*rv J(‘aiy, sod- 
formin^^ lon^-liviMl pominial, ranks ainom!; lllu ciirtivatod 

^rassrs in ])alatahili( y and yi(‘ldinj>: ([ualities. It najiiiros moiv 
moistur(‘ for growth tlian (•r(*st(‘d whtaitgrass {A(jrojn/rnn cristatiim 
(L.) li(*auv.) and should not h(‘ considiui'd a competitor of this grass 
in th(‘ drier ar(‘as. Ih‘caus(‘ of its importanci' in pure stands and in 
mixtur(‘s with alfalfa and other h‘gumes and grasses, both as a pastun* 
and a hay ci‘ 0 [), it seiuned advisable to umh'rtaki* a study of the 
clnunical life history and th(‘ <lig('stil)ility of th(‘ nutricMits at various 
stag<‘s of maturity of this grass wlum grown imdcu* the soil and elimatie 
conditions of the Palousi* anal of eastern Washington. 


KKVIEW OF LITERATURE 


Smooth ludinegrass has p(»rsisted for 20 years in a hoist* padtioek 
at the Illinois Agricultural Exptaamtait Station {])r At iht* sanit* 
station ) 47()-pound calves consunu'd HO pounds of gna^n grass con- 
taining 2S.H per(‘t‘nt of dry matter and SoO-pouiul st('(‘rs (‘onsumed 
o2.7 pounds of tin* saint* grass tlaily. Smooth bromt‘grass in th(‘st‘ 
studies conlaint'd J,02H calories of digest ibh* ent*rgy per pound of dry 
mattt*r, and \sith a t>8.20-})t*rcent availability, the net energy valut* 
was t)09 calorit*s. Fit*Id records at the Illinois Station (/) show 
smtmth brt»mt‘grass tt) t*\cel timothy, orchard grass, blut‘grass, and 
r(»t*tl canary grass in carrying capat*ity for yearling ]It*reford ht*ift*rs 
Tht* gains pnxluct'd during the first mtinth of grazing wert* greatt*r 
than those made during tin* remaindt*!* of tin* grazing season. 

rndt‘r wt'stern dry-land cmulit ions smooth hromt'grass pasture tlot*s 
not produce tin* gains obtained from crest t*d wheatgrass pasture. 
Orcutt (7) at tin* Moccasin substation in Montana record(*d gains ol 
()1 pounds p(*r acn* on cn'stetl wlieatgrass pasture and 41. o pounds 
on smooth brom(*grass pasture* when steel’s \vt*re grazed in 2H.I)-acre 
plots at the rate* of four to e»ight ste*ei's per plot. Whe*n the value* of 
e>lel native* grass pasture* was rate*d as 100 percent, s(*e*eiings e>f smooth 
bronu*grass and crt*ste*d whe*atgrass had vaiue*s of 1 12 anel 177 pe*rcent, 
re‘spe*ctivt*ly, 

' for luiMiciition March UUl Cublishcd as »Sc«‘nrifu* eue<'r No, of Agrieiiltun^ 

aiKl Agririiltiiral K\ix*rii?n‘nf Station, Slate College <»f Wiushington 
- Italic imniln«rs in parontho.scs refer to Literature f’lU'il, p 4IU 
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Sli(»ppml {9) at th(‘ North Dakota Exporim(‘nl Station roportod 
daily gains of 1.80 pounds per head wlion steers were grazecl on 
s(‘cond-year sweetelovc^r as compared with gains of 1.54 pounds on 
smooth bromegrass pasture. 

Studies by Hopper and Nc'sbilt. (5) of the more mature stagers of 
smooth bromegrass showcnl a protein content of 8.80 percent at 
blossoming time and a crude liber content of 29.90 p(‘rc(»nt. Before 
heading it contained 15.14 percent protein and 23.50 pcu-cent crud(» 
fiber. Ladd (4) r(‘ported tliat smooth bromegrass Iniy contained 
0.56 piTcent ash, 0.22 percent fat, 28.11 percemt crud(‘ fiber, 13. (it) 
])(*rcenl prot(‘in, and 45.51 percent nitrog(Mi-free extract. This hay 
was twic(‘ as ricli in crud(‘ protein as timothy hav. 

Nelson and Shepherd (6*) obs(M*V(‘d that S(*(‘(ling a h'guint* witli 
smooth bromegrass prevents a ‘'sod-bound’^ condition, and Rather 
and coworkers (8) observed that smootli bromegrass in mixtures with 
legumes speeds up the rat(‘ of curing of hay, and reducc's danger of 
bloat wh(‘n tlu* mixture's are pastured. 

Waldron and Porter {12) notenl that at the North Dakota Station 
smooth bromegrass stays succulent longer than otlu'r grasses \\ith 
the' advent of warm weatheT. 

PLAN OF THE INVESTIGATION 

Samples of the grass were (*ollee*t('el at appre)xiniate*ly 2-we‘e‘k 
intervals and change's in chemi<*al cemiposition stuelie'el thre)ughe)u( 
the e'litire growing se'ason. Sample's of grass cut at a height e>f 4, 
10, and 30 inche'S we're fe'el to she'e'p in digi'stion stalls fe)r the purpe)se‘ 
of studying change's in the elige'stibiliiy of the' nutrients as the' grass 
matured. The 30-inch gre)Wth e'oincide'd with the antlu'r-falling stage', 
which orelinarily is that re'e’emnne'nde'el as ieleal in hay proelue‘tie)n. 

T(*n-elay pre'liminary perie)ds followe*el by lO-elay expe'rimental 
periods were' eniple)ye'el in feeding each sample* of fe)rage*. The* e'(jui|)- 
rnent and de'taih'el te'chniepie have be(*n fully eliscusse'el e'lse'wlu're* (/O). 
The lambs we're* out of Lincedn X Merino e'we's anel sire'd by Hampshire* 
rams. 

DEVELOPMENT OF SMOOTH BROMEGRASS PLANTS 

The rate* of growth at various stages in the* ele‘ve'le)])me'nt e)f sme)e)th 
brorne'grass plants is she)wn in table 1. A me)isture e'e)nte'nt e)f 72.38 
peurunt at a he'ight of 4.5 inche*s was re'eluce'el to 40.98 j)e'rc(*ni at the* 
time^ the seeds were fully mature* and the* jdants weu’e* 30 inche's tall. 
The', data on the composition of the* elry matter in the* forage* sample's 
is also summarize'd in table 1. The* prote'in e*ontent e)f the* early- 
spring sample's was 13.01 percemt, but this dee'line'el to 4.02 percent 
in the forage samplers taken at the seed stage. As the protein con- 
temt decreased the* percentage of cruele* fiber* incie'ased from 19.77 to 
35.92. Tlu* pe'rcentage' *of calcium de'clined during the se'ason from 
0.37 to 0.24 and the percentage of phosphorus declined fre)m 0.32 
to 0.13. Table 1 shows that the grass was quite nutritious up to the 
water stage of see'd formation. There was no efl’ective* rainfall during 
the growing season of 1939; it was drie'i* than any similar period in 
46 years. 
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Table 1. — Moisture content and chemical composition of smooth bromegrass clip- 
pings as related to height of plants and stage of maturity at approximately 2-week 
intervals during the growing season of lUSf) 
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EXPERIMENTAL RESULTS 

Tlu‘ ciioinical (‘(imposition of tlu* grass clipiiings is shown in tahl(‘ 2 
A (*oni])l(*t(' suminarv of tlH‘ nurnb(‘r of lambs usimI, thoir w(‘iglils, 
lh(‘ir (liw matt(*r intak(‘, as well as (• 0 (‘frK'i(‘nts of a])par(‘nt (lig(*stibility 
for (‘ach mitri(*nt as (l(‘t(‘rmin(Ml with imlividnal lambs is pivsrntod 
in table )L 

Only thr(‘(‘ landis W(‘r(‘ bnl the 44neh grass b(‘eaust* of tb(* large 
ar(‘a r(*(inir(‘d to supply forag(‘ at this stag(‘. The dn’-matt(‘r intake 
of lambs f(‘d grass at lh(‘ 4- a-nd lO-ineh stages is fairly eomparabh*. 
At. the mature stag(‘ th<‘ lamhs eonsunu'd mueh less diy matliu*. 
With roughag(‘ rations (tit) this irnKpiality of diy-matt(‘r intake is 
not a disturbing factor in comparisons of eoeflicients of dig(‘stibility. 

Th(‘ a\(*rag(' eoi'Hieic'nts of apparent dig(‘stibility of tlit‘ various 
nutri(‘nts are vcuy lu'arly the same for tlu' sam])l(‘s takcui at th(‘ 4- 
and lO-inch stag(‘s. In this (‘xpcTimenl smooth brom(‘grass up to 
th(‘ lO-inch stage nMaimnl its higldy dig(‘stibh‘ charactiM*. A rather 
mark(Hl d(‘cr(*ase in dig(\st ibility was not(‘d at tht^ hay stage. The 
grass 4 inelu's tall had a co(‘flieient of S2 for its criiiU* protc'in while 
at a IRi-inch height the co(*fIici(‘nt was 511. Crude liber of the 4-inch 
grass was So ])erc(*nt dig(‘stible and at the «R)-inch stage of growth 
only oh p(*rc(*nt digestibh*. A similar d(*clin(* has Ixh'u notcMl for the 
oth(‘r nutri(‘nts. 

'rvBLK 2 Chemical composition of smooth hi omi grass at diffeirnt stages of 
maturity, fed to lamhs during digestion experiments 
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Table 3 also contains figures showing the percent of digestible 
crude protein content and the total dig('stible nutricuit content of 
th(‘ fresh forage sample's studied. By chdaying grazing until the 
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10-iiich stage, the luitritive qualities do not undergo mucli decline, 
while the cnrrying capacity of a given area is greatly increas(*d through 
growth. 

Tahle 3. Apparent digeshhibty of the nutrients in smooth bromegrass forage 
clipped at vaiwus stages of maturity and fed to lambs 
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‘ Antbor-fallinn stagi* 


111 tabic 4 the (li{;cstiblc nutrient content of the dry matter of 
smooth bromegrass at three' stages is contrasted with ide'ntical stages 
of crested wbeatgrass as n-ported in a pit'vious publication (11). A 
study of this table shows that the perci'iitages of digestible nutrients 
in the dry matter of smooth bromegrass at the 4- and lO-incli stages 
are as lugh as in the common concentrates, like corn and barley. 
Furthermore, smooth bromegrass retains its liigb nutritive (pialities 
to a more advanced stage of maturity than doi's crested wlu'atgi-ass, 
and at comparable stages it is a richer soiirci' of digestible crude 
protein and total digestible nutrients. Table 4 shows convincingly 
the superior nutritive qualities of smooth bromegrass over crested 
wbeatgrass when these two grasses are producetl under the* soil and 
climatic conditions of the Palouse area of eastern Washington, llow- 
ever, each is peculiarly adapted to its own ('nvironment., smooth 
bromegrass to the mor(> moist areas and crested wbeatgrass to the 
drier areas. Crested wbeatgrass has been highly praised in areas 
whore smooth broinegi-ass cannot b(* grown successfully. 
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Table 4.— Digestible nuiriertts in the dty matter of smooth brome-grass and of 
crested wheatgro'iH harvested at three stages of maturity 
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30 27 

(>4 . 

,54 92 

t'rt’.stod wlieiitprass (//) 






4 

10 I.*) 

10 O.A 

3(i 'M\ 

1 8.5 

60 73 

10 

4 9.1 

19 0.') 

40 09 

1 10 

e>fi 68 

C) 

1 91 

19 2:1 

20 00 , 

34 

48 00 


' Anthrr fullin}; stapc 

SUMMARY AND CONCLUSIONS 

Th(‘ protein eontc^iit of tlH‘ div in«tt(*r of smooth hrome^rass 
(•lip])iiijj;s, taken at n*<rular intervals throujxhout the ^rowin^ season, 
(l(‘(‘reas('(l prof^ressivel y from ULtil percent to 4.02 percent. Criule 
fih(‘r incr(‘as<»(l from 10.77 ])(‘rc(‘nt to !h).02 p(‘reent and plant h(‘i^}it 
from 4.0 to ,'t() inches Th(‘ <*alcium (‘ont(‘nt (h'clined from 0.117 to 
0.24 percent and phosphorus from 0..‘V2 to O.LI pennuit during tin* 
same int(‘rval. 

By delaying the grazing of smooth l)rome^rass until it is 10 in(*hes 
tall, th(‘ nutritiv(* (jualities do not d(‘cline and the carrying capacity 
appears to h(‘ ^naitly in(‘n*as(‘d. Bronu'^rass up to a heijrht of K) 
inch(‘s ndains its hijxhly digestible* (*haract(‘r. The* dry matt(*r was 
SI piu'cent dij^estihle at tin* 4- and 10-inch statues and only 55. S p(*r- 
(*(‘nt di^(*stibl(' at the JlO-inch sta^e*. (hueh* prot(*in, crude* fibe*r. and 
nitre)^en-fr(‘(* extrae*! fedlovveul similar lr(‘neis. Smeioth bronu'^rass 
retains its hi^h nutritive* qualitie*s te) a more* aelvanced sta^rc of ma- 
turity than ele)(*s e*re»st<*el wheat^rass anel at iele*ntical statce^s of powth 
is supe*rie>r te> it in eli^e*stible* e*rueie‘ protein anel te)tal elip'stible nutrients. 
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INHERITANCE OF SEED CHARACTERS IN WATER- 

MELON ^ 
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INTRODUCTION 

Alth()ii<i:li s(‘(‘<t (*liamct(‘rs have nothiiij^: to do with th(‘ flavor and 
t(‘xlur(' of flesh of lh(‘ v\'at(‘nn(*lon ((Itrullns nihjarlH S(‘lirad.) they 
are of eonsid(‘raI)l(' importance* in d<*terminin^ its appearance. The 
l)<*Ii<‘f is vyidespn*ad that black s(*<‘ds (h'lioti* coinpl(*te maturity and 
hijrh supir cont(‘nt; y<*t many important comm(‘rcial varieties have* 
white*, lireiwn, tan, eir spe*ekh‘d s(‘eds. De'spite* the* availability of 
se‘ve‘ral elilf(*renl se‘e*el siz(*s, the*re seems te) he* a el(‘fmit(‘ j)rt*fe*re*nce for 
larj^e* se*e*els. 

Ke*lative*ly little* infeuniatiem is available e‘oncernin^ inhe*ritance in 
the* w'ate*rme*lon ; howe*ve*r, inteaisiv^e* bre*eelin^ ope'ratieins are uneler 
way in many State's, anel the neenl for jremetic elata has become* in- 
creasingly ur^e*nt. (h'lietic informatiem, in aelelition te> its botanical 
value, is e*sse*ntial for the* nieist rapiel bre*e*elin^ prop’e'ss. The* inve'sti- 
l^atieins he're‘in re|)orte*el are* e*e)nfine*el tei stuelie's on the* inheritane*e* of 
see‘el h'Djlth anel se*e‘el-e‘oat e*ole>r. 


RFATKW OF I.ITRRATURK 


Xe) publisheel re*fe*re‘ne'(* U) <rt*netical analysis of see‘d-le*n^th fae*tors 
has bt‘en lounel. We*e*lman (/O ‘ appre>ximate‘el sue h stuelie*s in jieipula- 
tieins de*rive*el freun a creiss be*tvve‘e‘n raee's vvhe*re*in vve*i^ht samples of 
25 seeals vve*re* li^ht U 22 i O.Ol ^m.^ anel he*avy (2.(>()::l:0.()r) ^m ). 
In tin* Fi* anel bae*ke're)sse*s tei both parents the lijrhte'r vve'ight parent 
appre)ae'heel me)ne>fre‘nie‘ eleiminane'e* e)Ve*r the* hcavie'r, but chi-sepiare* 
analysis faileel to e*stablish an aee'eptable* fit be‘tvve'e*n his observeel and 
e ale*ulate*el ratieis. 

Kaiiela (.i) e'HJSseel flat blae k v\ith slippleel blae'k anel ele‘monstrate*el as 
far as ly, ihait flat is elominant te) stipple*el by a sin<rlt‘-fae*tor ditferene*e. 
A se‘ce>nel e re)ss, which alse) ine'lueled flat vs. stipple*el as vve‘ll as se*ve*ral 
othe*r e haracle*rs anel for which he* pe)stulate*el four pairs e)f ^ene*s, was 
e*arrie*el te) an Kj f)e)[)ulatie)n e)f 123 plants. A e*hi-se|uare* analysis e)t his 
elata sheivvs a si^nifie*ant eleviation from this hypothe'sis, as will be* dis- 
cusseel in an appreipriate* se*e‘lion. McKay [4) inve*stipUeMl (we) e*rosse's. 
tan > red anel jj:ree*n X re*el, the former phenoty|)e* in e*ach eTe)ss beinjr 
ele)minant te) the latt<‘r by a sinjrl('-g(*ne eliffereiie'e*. Pe)rte*r (S) elemon- 
strate*el a sinjrh‘-p*ii<‘ diflVrence of blae*k dominant e)ver tan and tan 
elominant. over white, with the backcre)ss of blae*k \ tan to tan ^ivdnjr 


« Ui*<viV(Hl hir nublit-afuiti 2S. lim. Tlirsc Miuiu's wen- iiiitiatcil in UWO bj O K Torter at 

Daviv, e’alif. (^ortain Fi, Fj, atni hackenwis BoiuiUitions um* irrovMi thiTi' until 193/) Bopinnintr 
in 193ei, the investipatton:! wen* comluctet! by the I ^ S Doimrlinent ot Vurunilturo at the! S 
Regional Vegetable RnHHiinp T^iborntorj, t'harleston, S C 
^ llalic nunilM*rs in parent ht*ses n'fer in f.it<*ratiirt‘ 
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1 black to 1 tail. Weetman («9) investigated thn^e crosses involving 
the phenotypes which in our study are called black X clump and tan 
X clump. In the first cas(‘ black vras dominant to tan by one gene, 
but in the second case the Fi phenotype was black and tin' F 2 se^gre- 
gated into 9 black to 3 tan to 3 clump to 1 wddte-tan-tip (acc'ording 
to the nomenclature adopted in the present study). In the last case 
Weetman demonstrated that Fi X tan gives 1 black to 1 tan, and 
Fi X clump gives 1 black to 1 clump. 


MATERIALS AND METHODS 

Inbred parent stocks used for the crosses were rendered as homozy- 
gous as possible before hybridization, but since some inbred lines were 
selected for specific characters (sugar content, etc.) occasional Fj 
populations analyzed for seed characters disclosed a few^ lines (Sun 
Moon and Stars and Peerless) that were still heterozygous for seed- 
color genes. Among the ditferent stocks and varieties of (^ItruUus 
vulgaris, seed length ranges from 5.5 to 15.5 mm. and seed-coat colors 
range from an almost pure wdiite through red, green, tan, mahogany, 
and black, with various patterns superimposed. Seed length and 
seed-coat colors for varieties used in this study are indicated in tabh* 1 . 
The Sun Moon and Stars variety is represented by one strain in which 
seed ])igment is clumped and another in which it is white-tan-tip- 
colored; Peerless has one strain with white-tan-tip seeds and another 
w ith white-pink-tip seeds. The Striped Klondike variety also show ed 
unstable colors, but the strain used as parent in the studies henun 
reported showed only clump, a phenotype varying in segregating 
populations from a large central eyespot to nearly uncolort'd seeds 
except for black spots on the hilum prominences. 

Figures 1 and 2 are photographs of the seed tyjies segregating in two 
F 2 populations. Both illustrate the three seed-lengUi phenotypes - 
short, medium, and long — and between them are shown the six color 
phenotypes used in parents or which segregated from crosses. Figure 
1 shows flat black, stippled or dotted bhu'k, tan, clump, and wdiite- 
tan-tip; figure 2 shows tan, red, white-tan-tip, and w’hite-j)ink-tip. 

Table 1 . — Varieties of watennelon and phendi/pes used m studying iuhentance 
of seed-coat color and seed length 


Sc‘fd-(ioa» (Hilor 

Short, 4..V-1 

Black.- ... - 


Tan 

Baby IMi^rht 

(’lutni) 1 


W hitc-tan-tip 


W’hite-pink-tip ... 




Distribution of \ariflics having indicated approviriiatr rtint'i* in sftwl bumth 
Medium, 7.5“11..'> mm. 


I 


f Klondike.. 
jlW'iuter Queen 

! StrijHHl Klondike 

i 


Ivonj?, 11 .*ii-l<i..‘> mm. 

jnojx' Uiant. 

Thurmond Grey. 

(i olden Honey.* 

Sun Moon and Star*^. 
iNorthcrn Swwt, 
(’bilean. 

Oandy. 

Sun M(Hm and Stars. 
CeiTless 

Pride of Miiseatine 
lVerle.s.s. 


Phenotypps of watormolon spod-coat color arc sonu'tinK's ilifTicult 
to classify bocausp. of variable degrees of expression. The ordinary 
fluctuation may be accentuated by other factors, such as stage of 
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niHtuiity {(“spec lalh l(iniciilatiou) and Minbuiu iMtliai on wliolo oi on 
hiokoii flints A (ustomaiih laisiK dassificd (oloi, siiili as jod oi 
\\liiti>-taii-tip is K'udcii'd difficult to dassifv m jiopuiations that 
Kittl'd lx fou' seed lolli'ition 

(Massifii atioii of sccd-i oat loloi ii'ipmi's timi' and pain me to inatdi 
and K'lnatdi samples iioni diflneiit flints and it is best done in the 
laboiatoiv lioin (leaned and diied inateiial 


til 

ill 



Www WWW 

HI 

tf 


to ••• 

B F 


Iff 

H* 




1 i(U Ri- 1 StMMl phi iio1\ {)<*N st*gri»gatinR in an P population I, Clump long, /?, 
tan short, (, liat hlatk long, />, Hat black me (hum, h\ flat black short, h\ 
stipplod oi (lottid black iniMlium, b, dotted black long. If, tan medium, /, tan 
short, clump sliort, /v, clum|) medium, /, \NhiU-tan-tip long lor phcMio- 
t\ pic latio, scM‘ hguit 13 

Si'(‘(I sarnplt's w(*ic‘ collrotod from I'lidi fimt and \\c‘i(‘ sioicul in 
i'n\ (dopes with (‘tdlophaiu' windows (fi^ ]) The mcuisunmieuls of 
o or 10 s(mhIs, depending on llie unifoiinit\ of the sample wc'ie then 
leeorded on the outside* of the enn elope The measinements w(*ie 
made with a xcTiucn eahpcT to tenths of a millimelcn, and the jjjcmcdie 
anolysis was based on the nature of the frequency distiibution 
obtained. The (»n\ (dopes of an entire population ma\ be spiea(i 
on the floor or on a larj^t* table, as m figure' 4, to pu'sent a simul- 
taneous view’ of the s('ed-eoat color and length and t<^ fadhtate the 
nece^ssary ('olor matching. 
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All Meiuleliaii ratios were tested for goodness of fit by ortliog- 
onalized chi-square forniidas developed by Fisher (/) and applied 
extensively by Mather (f/). This sensitive treatment of the standard 
method disassembles chi-square values into the component values 
contributed by each degree of freedom present. 




• •• 

B 


**• ••• 

**• m 

^ D 

•11 tn ftf 

••• Ml 

^ H I 


Figure 2. — Seed pheiK)t\i)es segregating in an ¥•, population: A, White-pink-tip 
long; /i, tan short; (\ tan short; />, tan medium; 7i\ tan long; F, red short; t/, 
red medium; 77, white-taii-tip long; 7, white-})ink-tip long. For phenotypic 
ratio, see figure 12. 

When statistical analysis required grouping for the study of in- 
heritance of quantitative characters, such grouping was based on the 
size of a significant difference. Freipiency tables and frequency 
polygons drawn from the writers^ data are consequently liiglily useful 
m interpreting the Mendelian phenomena involved. Graphic treat- 
ment in frequency polygons made from seed-length data show’^s the 



Oct 1 /), 11)41 Inheritanir of S(e(l Characters In Watermelon 


437 




Fkjuhe .‘i. - T.\po of tMivelopo with cellopliano window used for storing? seed 
.saniplos to be classified for seed-coat color. 






Vol. (iJl, No. 8 


438 Journal of Agricultural Research 

Mendelian proportions as sharply differentiated g:roupings, and little 
difficulty exists iii distinguishing one phenotype from another, except 
occasionally with re^anl to the separation of medium from long in 
seed-length studies. 

Linkage intensities from F 2 data were estimated by two methods of 
Fisher (/), and 7\y better known as the jmxiuct method and the 
maximum-likelihood method, respectively. The [U’oduct method 
is the most useful in its dependability and ease of manipulation if 
solved by Immer’s solution, which requires the use of tables for the 
linkage values as well as the standard errors.^ The maximum-likeli- 
hood method is needed if any j)henotype in the observed ratio con- 



Fkiuue 4, — Envolojx's of an tMUire F 2 population segregating in the ratio of 
27 : 9 : 12 : 4 :,J2 seed-coat color phenotypes. 


tains fewer than 10 plants. The formula used for calculating the 
linkage value by maximum likelihood is that supplied by Oweti (7), viz, 

2 a — 2(6-fc)™^/+ c)—jly^ -h^dn 

~ 2ti ■ . ■ 

INHERITANCE OF SEED LENGTH 

An F 2 population of plants from the cross Sim Moon and Stars >' 
Winter Queen, when analyzed for width and length of seeds, disclosed 
a coefficient of correlation, r~0.913, between length and width. wSince 
length of seed is the more variable character and with respect to size 
presents the same kind of informatkui as width, it was adopted for the 
analysis of genetic factors for seed size and for the investigation of the 
interactions with seed-coat color factors. 

This reasoning should, be sound in the present study because all 
varieties used as parents had long narrow seeds, but it is recognized 
that if any broad-seeded varieties (as found in some citron melon 
types) had been used, then length alone might have been misleading. 

Data for seed hjngth were available in crosses involving the com- 
binations 6 mm. X 13 mm., 6 mm. X 10 mm., and 10 mm. X 13 mrn. 
The three lengths 6 mm. (short), 10 mm. (medium), and 13 mm. 

® Dr, Immer has made available for inimeopraphed distribution by the Association of Southern Apricul- 
tural Workers a revision of bis tables with standard errors to replace the probable errors shown in the 
original (£). 
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(long) r(‘pros(*nt approxiinatr moan lengths and about the modal class 
in fnHjiumcy distributions in segregating populations. Figures 1 and 
2 show tin* three se(*d h^ngths segr(»gating in two F 2 populations. Seed 
from a fruit of a given pun*. Ihn*. of medium length maj^ exhibit a 
larger or smaller mean l(*ngth than is indicated. For instance, in 
Klondike*, a varh‘ty of m(*dium s(*ed length, tin* s(‘eds have an average 
length of 9.0 mm., y(‘t Fi and F 2 populations s(‘gregating from crosses 
to rac(*s having short(*r or longer seeds usually show tin* mode of the 
medium group at approximately 10 mm., whereas the mode* for this 
size* group in bae*kcre)sse‘s to a shorte*r or longer pareuit will be shifte*el in 
the elire*ctie)n e)f tin* parent’s see‘el le*ngth. This situation is also found 
lor lemg s(*e‘d l(*ngth, whe're* inelivielual inbre‘el line's me*asuring 12 . S or 
13.S mm., whe*!! crosse'el with other se*(*el h'ngths, have group mode*s at 
approximate'ly 13 mm. in the* Fj gene*rations, but le*ss in backcrosses 
te) she)rt-le*ngth se*e*el. 

Data e)n e)bse*rve‘el phe*notyj)ic ratie)s freun 17 F^ anel 19 bae‘ke*ross 
pe)|)ulatie)Tis analyz<*e] in this study of s(*e‘el length are siirnmarize*el in 
table's 2 anel 3, anel elata e)n the* 43 F 3 populatieins are summarized in 
table* 4. 


T\hle 2 Summary of aiul backcross geuerahori data from four types of crosses 

involving seed length 





I’hcIIOlN |M‘S 


('hi-s<jiiari> Mihu'i <hic To 
iTuiicatcd geno 


T.\ i>c of cross 

- - 








Modmin 

Long 

Short 

Total 

X^l x’s 



( A.S. 

OS) 




\u mher 

A‘« itifn r 

Sinntur 

XumhfT , 


(1) 

F: nicdnirn X long 

J.T2:) 

4.‘41 


1,7.50 } 

0. 171 : - 


fill Fi X li'ng 

.112 , 

:toi 


Id3 I 

. 103 ' 


(bi Fi X nicdiuin 

442 1 



442 1 

0 1 - 

<1I' 

F.. lilt'd mill X short 

295 


77 

2S2 1 

. 1 0 (.HI , 


(u) Ft X siiori 

lh.5 , 


95 

2(H) 

. . : 405 


(h) Ft X inctlmiii 

172 



172 ' 

1 0 

(:t. 

Fj long X short 

, J,0«7 ’ 

,'409 

411 

1, 7h7 

4 (>13* 3 70H , H .591* 


(ill Ft X long 

' 9k - 

HO 


17H 1 

1 024 1 .. -J . -- 


(b) Ft X short 

,402 


2.59 

.5I>1 1 

, 3 144 .. - -- 

O) 

F- long X long 

1 

.“>42 ' 


' .542 ' 

0 _ _ . . 


fa) Ft X long. 


252 

... 

' 252 

0 .. . . 


! A MiiKlc ai.lcrl^k iinliaitcs sitruincaiu (ic\ union at the III I Ji‘\el for fho ralio JA 1/ 

Tahle 3. Analysis of seed-length data from Fy populations from the cross short 
issIjL)''^ long \SSll)^ segregating approximately li medium to d long to 4 short 




I’honot > iH‘s 


('hi>'<qiiarc Miliic ' due to indicated g«*nt‘. 




and corrc'.|H)nding 

di'griM'.s 

of freedom 

Fj iioinilaiion 



- 

-- 



- - 


Mi'iliuni 

Txnig 

Short 

Total 

. ' Degrees 


Degn*es 


(A.S) 

(/a) 


' of freedom 

X* S’ 

ol freedom 


\ umber 

Xu mber 

Xurnher 

Xu mber 




A. 

147 

45 

33 

225 

0 2.50 1 1 

12 813* 

* 1 

14 

.50 

31 

22 

109 

5 24,5* 1 1 

1 .119 

1 

V .. 

20 

12 

0 

3H 

2 007 ! 1 

1 719 

, 1 

1) 

79 

12 

32 

12:4 

0 773** 1 1 

008 

1 I 

K . . 

42 

2 

7 

1 51 

9 818** 1 I 

3 4.58 

1 

F 

139 

45 

.53 

1 237 

029 ! 1 

878 

i 1 

O- . . 

317 

91 ! 

1 141 

I .549 

1 441 1 1 

. 103 

; 1 

H. . 

151 

39 1 

1 67 

i 257 

1 7% j 1 

10.5 

1 

I. 

110 

32 1 

1 

1 198 

730 1 I 

1 (MH) 

1 

'J'otal 

l.(H47 

309 

) 411 

1.787 1 

28 749** ! 9 1 

! 20 493* 

! 9 

Deviation.. 





4.613* 1 1 1 

3 708 

1 1 

Heterogeneity. 



— 


24. 130** 1 8 1 

16.785* 

1 H 


* A single ftstcrisk (*) indicates significant deviation at 19*1 le\el; double asterisks indicate significant 
deviation at 99:1 le\el 
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Table 4. — Su7nmary of ratios obtained in the generation of 4^ populations from 
the cross long {IS) X short (/>«), PecrlessX Baby Delight 


Parent a|?e in Fj 

1 

; Seprepation ratio in F? 

! Observed 

1 frequency 

Calculated 

freiiuency 

X* value 

i X* value for 
j 19 . 1 sipnift- 
1 cance 

Medium (LlSs) 

9 medium to 3 loup to 4 

j 13/26 

11 6/26 


1 

1 


j short. 




Medium (LLSs) 

' 3 medium to 1 short 

1 4/2ti 

.»> 8/2f) 



Medium {LISS) _ - 

' 3 medium to I long . 

6/2(i 

5 H/26 



Medium iLLSS) 

All medium.. .. 

1 3/2(i 

2 9/26 

0 3<>1 

7 816 

Lonp (llSs) _ - 

3 long to 1 short 

i •'5/12 j 

8/ 12 



Loup OlISS) ... 

All long 

: 7/12 1 

4/12 

3 37S 

3 841 

Short (LLss-^llifs-hJJsft) | 

All .short-. 

i 5/.*) 

: 1 

.V/5 

0 ! 


j 

Tot al populal ioni> . . . j 


i 43 1 

43 1 

1 



t I 


Table 2 clearly shows that when ni(‘(liiim is crossed with (*ithei* 
lon^ or short the ¥> and backcross ratios indicate monohybrid control 
of seed length. The presence of the two pairs of genes L vs. I (medium 
vs. long) and S vs. .v (iiK'dium vs. short) is (‘onlirrned by the ratios 
obtained from tlu‘ cross long X short. The summarizecl F2 popula- 
tions in the latter cross offer the only instance of iinsatisfactoiT fit 
betw’cen th(' observed and calculated proportions bas(*d on the M(‘n- 
delian ratio 9 medium to 3 long to 4 short. How"ev(*r, backcrosses 
to both parents fulfill expectations. 

The difficulty wdth the summarized Fo of long X short is somewhat 
r(*solved by a study of th(‘ nine individual populations which comprise' 
the summary. Table 8 shows all pln'iiotypic ratios, together with 
the chi-s(piare value's traceable' to e'ach eh'gre'e of fre'e'elom: fe>r 

separation of S from .s, anel x^i foJ* separation of L from /. Exce*pt 
for population A (table 8), all the populations show" expe'cte'el pre)- 
portions of 8 S to 1 .s\ In populations B, 1), and E are three e'xe*e'ptie>ns 
to the majority evieh'nce' favoring proportions of 8 Ztol/. Exam- 
ination of the fre'(juency polygons in figure's 5, 9, anel 10 e'xplains 
the diflieuilty of e*lassifying me'dium (i) anel hmg (/). Figure o, 
i'spe'cially, show"s the distance separating the gre)up me)ele's in pare'nts 
and F2 to be greater betw^e'cn she)rt anel me'eliurn than betw^e'e'ii me'elium 
anel long. The long euiel of the me'elium elistribution overlaps the' 
me'dium e'liel e)f the long distributieni, hene'e the eliffieuitly e)f pre'e'ise*ly 
separating the' tw"o phenotype's. 

An F3 generation fre)m the cre^ss long X short (Pe'e*rle*ss X Baby 
De'light) compriseel 48 populations and covered about 20 acres. Table' 
4 displays the seed-length data for the e'litire F3 generation summarizeel 
as to Fo parentage, the type' of se'gregation found, and the corre- 
spe)ndence' betw^e'en obse'ive'd and calculateel freepu'ncie'S of pare'iital 
genotypes for all 43 populations. The presence' e>f five F3 populations 
segregating 3 long io 1 short, together wdth the fae*t that all five', 
short-derived populations bred true, proves that the double-re»ce'ssive‘ 
phenotype is short, a fact which coulei e)nly be inferred from F2 data. 
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Fkji’he 5 -- Fro(ju('ncv i^on.s (inuMi from thr s(‘e(l-length data for Uab> 
Delight, Hope (liant, and the Fi and Fy generations of the eross Hojie (iiant 
(long) / Baby Delight (short). Note the praetieal absence of o\ erlap between 
short and ine(liuin as compared with the amount jm'sent between medium and 
long. Th(‘ situation in F^ ]>arallels that existing between the parents and Fi. 

In (‘onclusion, tl)(‘ following: g:en(‘ syrnliols and lludr interaction 
(dlVcts as (*ncount(*i*(‘d in tln^ for(»g:oing: invcsti^i^ation an* proposed: 

Medium, 10 mm , LS, two dominants with eomplementar\ interaction 
bong, 13 mm , IS, the differential efpH't of / produces long. 

Short, 0 mm., b.s, Is, the differential effect of s produces short length in both tht‘ 
single*- and double* r(‘cessi\ e pheimtxpes. 

INHERITANC?: OF SEED-COAT COLOR 

1 nv(*sl ig:ation of seaui-eoat color di.sclosi's a nion^ (‘omplex situation 
than that of st*(*d size, as is (*xp(*cted with a larg:(‘r nuinher of ph(*no- 
lyp<*s availal)l<‘. Pluaiotypic ratios from classification of 20 V> and 
20 hackcross populations are shown in tahhxs o, (>, 7, and S. 

The data of table' o indicate* that probably black is dominant to all 
oth(‘r colors and patterns studied; the re'lationship is a smgeh'-faetor 
elominance when blae'k is crossc'd with tan or clump, but it is a two- 
factor dominance* when black is e*re)sse‘el with w hite‘-tan-t ip. When 
tan is e*re)ss(*el with w hite*-tan-tip, tan is elemiinant by a single'-facteir 
eliffe're'ne'e*; in the* e*ross tan >( w'hite*-pink--tip, tan is eleiminant by two 
fae*tors; but when tan is crosse*el with edump, blac'k is synthe*size*el in 
F, anel the*re‘ is a elihybriel se‘g:re*g:atie)n in Fj of 9 black te) 3 tan to 3 
e*lump to 1 whit('-tan-tip. Whe*n e-lump is e*ross(*el with white*-tan-tip 
the*re is a me)ne)hybriel se*g:re*g:ation in and when a lig:ht tan, as in 
Baby De*lig:ht, is erosse*el with elarker tan, as in Thurmemel Gre*y, there* 
is the* same e*e)lor rang:e* in Fo as in e*ae-h se*g:i’e*g:ating: phe‘ne)type* ele*sig:- 
nate*el abeive* as tan. The* analysis will be simplifie*el as niue-h as peis- 
sible by using; the following: w-orking: g:e*ne hypothe*sis for the* g:e*netic 
interactions, anel by aeleipting: the initial e*haracte*rizing* the first re*e*e*s- 
sive* g:e*ne founel, ae-e-oreling; te) the practice* folle)we*el in inve*stig:atie)ns 
on I)rof<ophila anel Zea mai/s. 
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Table 5.- Hummary of F> and hackcross generation data obtained from 8 types of 

seed-coat color crosses 


J*hi‘not.\ |u's 


vftluo ‘ <Jue to 
irulioatod f?(‘ne 
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p(‘ ()1 crr)ss 

fc-^ 

a; 
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c 




c. 



as 

c 

so 

E 

g 



ff 



X 


.Vo 

No 

Ao 

.Vo 

(1) F 2 black X tan 

r.28 

JMO 



(a) Fi X blai'k _ _ _ , 

2H9 

- 



(hi Fi X tan i 

1G2 

1.54 



(2) F 2 black X clump ! 

309 


98, 

la) Fi X black . _ 1 

21*1 




(b) Fi X clunii> . i 

14() 


141 


(3) F 2 black X vvhite-tan-lip _ i 

299 

ll.^ 

101 


fa) Fi X black ! 

no 

1 



(b) Fi X whito-tan-tip. j 

14 

I 81 

.i3 


(i) Fs tan X clump . ; 

()23| 

23 1! 

2:44 


fa) Fi X tan . , ; 

.‘)9, 

Til 



(5) Fj tan X vv hiTe-tfUi-tip 


21.') 



(a) Fi X tan 


2.')l| 



fb) Fi X vvhite-tan-tip 


221 



(G) Fj tan X white-pmk-tip , 


2771 


90 

(a) Fi X tan . . _ 1 


481 



(b) Fi X uhile-pink-lip ! 


40 1 


23 

(7) F 2 tan X tan . . , 


r»r 



(a) Fi X tan ! 

1 

07, 



(b) Fi X tan 


149, 
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110 


(a) Fi X whit(‘-tan-tip , 



.M 


(b) Fi X cluriip 
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X 
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. 1.').')' 

; 

. 



407 

; 0 1.38 
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1 (1 



_ 
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.'>44: 

1 (H)3 
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. .'i.'il , 297 

1 307 





1 io| 

i - 

0 



1.), 

1 

801 

2 112; 2 813 

.>) .')13* 

- 


4.'-.; 


1. 133j 

21 1i 000 

12 039* ♦ 





130; 


931 


.•Vi 


2081 

' 3 027 I 





: 2r)4; 

, 0 1 


1 - - - 

23 


i.”)' 

' 0 1 


j 

O.'i' 

is' 

4.')(), 
[ 481 
114 

. ,10 88t)**| 

0 

0 310 
0 

810 

13 

32' 

, 171 


7 .')03** 



7)1 

0 ! 


i 



(>7 

0 1 


, 
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0 ! 


! 

132 


.'>42 

089, 


' 

,)0 


10.') 

1 ^2 





147 

000 


' . 


' 1 dofricc of froodoni foi ('acli A simdf asterisk. (*i uidieatos si'4:nificant doviation at IVi 1 level, double 
ostOMsk> (**) indicate situuflcant deviation at 91) I level 


Table G. — Phenotypic ratios and chi-square analysis foi the 4 ^ populations from 

tan y clump seed-coat color crosses 


('hi -.square value * due to indicated tivne, and 
eorre.spondinp ilejiree.s of freedom 
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s 
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s 
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No 

No 

No 

No 

No 
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19.37-a - 

93 

\ 39 

37 

43 

4 

219 

1 2‘22 

1 

2 .554 

1 

0 139 

1 i 

0 . 095 ' 

' 1 

1938-a.. 

42 

I 19 

3.') 

28 

3 

127 i 

894 

1 1 

1.388 1 

1 

003 

1 i 

7 .507** 1 

1 

1938~b 

i 92 i 

! 27 

49 


13 

•237 

137 

1 

114 1 

1 

1 925 

1 

2 303 

1 

1939^-b 

1 2.33 

I 

i 78 

110 ! 

107 

22 

5.50 

.000 

1 

.242 

1 

021 

1 

3 027 

1 

Total . 

400 

103 

231 

2ri4 

45 

1, 1.33 

2 253 

4 

4 298 

4 

2 988 

4 

14 2.52** 

4 

Deviation , _ 



- 

— 



390 

J 

.214 i 

1 

006 

1 

12 639** 

1 

Heterogeneity . 

1 






1 863 

3 

4 084 

3 

2. 9*22 

3 

1 613 


'1 


i 

i 



i 



1 a=» Thurmond (Jrey X Striped Klondike, b=C}oklen Iloney X Bab> Delight. 

2 Double a.steri.sks (**) indicate significant deviation at 99 1 level. 
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Tablk 7.- - Phenotypic ratios and chi-square analysis for H Fa populations from 
the cross white-pink-hp > tan (Peerless > Paby Delight) and ^ backcross popu- 
lations from F\ X white- pink-tip 
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7 

22r, 

0 7K1 

I 2 

2.'- 3 

1 lO 751 

J 

3 

121 

1 M7 ■ 

1 'll 

172** 

1 510 

1 

V 

107 

000 

1 

252 

1 ' 75" 

1 

IS 

r.o 

2 001 

3 r. 

1.77** 

3 :2 024 

3 



000 

1 10 

‘•'SO** 

1 , 310 

1 



2 f,01 

2 1 

707 

2 1 70S 


0(1, 

».7 

015 

1 

01 ' 

1 1 700 

1 

2<* ( 1 

77 

052 

1 

«»30 

1 1 OHS* 

1 


> Fxpeded i<it lo s!'(>\\ n in i>aientlieM‘'« 

V '‘Iniilo a'^lensk i*i indicate'' ''ii'iiifiearit de\ialionat I'.i 1 le\ el, doutile I'-tensk'' (**' indicafe ' lenificanl 
de\ Mfimi ill ‘IM 1 le\el 


Tvrle S - Sumrnai y of data on classification foi setd-coat colot obtained in the F? 
generation of 4’i populations from the cioss white-pinh-ti p iitw) ^ tan (PtW) 
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t. 4M 



TiiU {lifiW u ) 

3 tun to 1 \\ hitc-taii-tip 

3/2»* 

0 441 
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pink-tip 





Whilc-tan-lip (HlUrn ) 
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Whitc-innk'lip (rrMv/ ) .. 

. All w Inte-pink-tip 

3 

3 

0 

0 

Total - , . 


43 

43 000 


- 


‘ None of the 13 population.s in\ol\ed heie sliovved, bv the \' lest. a M^nihcant de\u\tion fiom il'< null* 
caltMl latio 


Tho follovviuj’^ ^(‘iu‘s and plionotypo symbols an* jH’opost'd: 

HTWD, l)lark, flat (Winter (Juoon). 

RTWd, d differentiates a stippled surface of black dots sometimes numerous 
enough to l>e almost solid black; usually, however, a tannish or reddish utuler- 
coat is visible in segregating phenotypes; d is apparently a si)ecific modifier of 
black in the cases h€*re considered (Klondike and Hope Giant). 

RtW, t differentiates tan, which ranges in segregating ]}opulations from dark 
Tuscany brown (*5, pL 7, L 11)* through cacao (-J, pi. o. B 11) as found in 


< riate and fdwk number.s of color*; piveii by Maerz and Paul (3), 
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the variety Thurmond Grey down to light leghorn (/), pi. W, D 3) as in the 
variety Baby Delight. 

liTiv, w differentiates a pattern called “clump” because of the general tendency 
for the pigment in seeds of most members of this phenotype in segregating 
populations to clump together about the margin or in the center. In segregat- 
ing populations the range of clumping runs at one extreme from uniform dis- 
trilnition of pigment except for a narrow line inside the margin on both surfaces, 
as in the Sun Moon and Stars variety (fig. 6, a), to the other extreme of an 

almost unpigmented seed except for a penciled rim or merely two dots on the 
liilum prominences, as in the varieties Golden Honey (fig. fi, A, a) and Northern 
Sweet. 

JHu\ tr and / together differentiate a more or less whitish seed called white-t an- 
ti]), sometimes with a slight tannish shading on the margin, but the shading is 
always present at the hilum end (Pride of Muscatine, Gandy, Chilean, and some 
lines of Peerless). 

rtW, r and t together differentiate a red- or reddish-orange colored seed ranging 
in segregating populations from fez red (»5, pi. o, L to ])ow^der i)ink (/;, p\. 
3. E /). (Not used as a parent but segregating from Peerless X Babv Deliglit, 
rtwXlUW.) 

rtu\ r, t, and w together produce a decidedly white st‘ed with slight pink color at 
the hilum end, called w hite-])ink-tip, and sometimes a trace of pink along the 
margin in segregating po])ulations (Peerle.ss). 

Table 5 shows that with four exceptions the observed [)h(‘noty|)ic 
ratios conform to (‘xpectation based on the fore^oin^ hypothesis of 
three j^enes for color. The ri^ht-hand sid(‘ of th(‘ table* shows the* 
portion of chi scjuare that is contributed by (‘ach decree* of fn^edorn. 
The four poor fits are thus traced to the gem* interactions responsible*. 

The* first poor fit, black X white-tan-tip backcrosse*eI to white*-tan- 
tip, is elue to the interactiein between 7^ and IT, although the* elifficulty 
in this backcross is p(*culiar to it b(*cause the* x^tw fi'Oin the* F 2 g(*nera" 
tion of the same cross shows no disturbance at this point. The* se*(*ond 
poor fit, in the of tanXclump, is also due to the interactiein eif T 
and IT. In table 6 the* four populations re*sulting from this cross 
are* orthogonalize*d separately, and show that the* difficulty betwee*n 
T ami W is peculiar to tlie one population of Thiirmoml (Ire'yX 
Striped Klondike grown in 1988. The three* other populations segre*- 
gate* according to hypotlu*sis. Hence it may be concluded that no 
genetic linkage occurs betwee*n the* ge*m‘s T ami W. 

The* third and fourth cas(*s of unsatisfactory fit occur in the* F.» 
progc'Tiies of tan X white-pink-tip and the backcross of this Fj to 
white*-pink-tip. In the* F 2 populations is involveel; in the back- 
cross xv is involved. Table 7 shows that the 1937-a po])ulation was 
a single* F 2 g(*neration of 225 plants, whe*re*as the* 1937 b population 
was an aggregate of three smaller V 2 populations of 25, 73, and 20 
plants, respect ive*ly. The failure of the combined thre*e* populations 
to give an acceptable x^r when totaled is ascrib(*d to the* inadeepiate 
size*s of the^ populations individually and ce)ll(*ctive*ly. (N. B. The 
seed-length gene L has already been seen in the for(*going s(*ctie)n 
to be* irregular in this same* cross.) In the first backcross population 
it was assumed that was heterozygous for the r allelomorphs; 
hence a 3:3: T.l ratio in tliis backcross give's a satisfactory x^ estimate. 
In the second backcross population an exce^ssive* proportion of white*- 
pink-tip at the expense of red is responsible*- for the disturbe*d inter- 
action between the r and w genes. 

The cross white-pink-tip X tan (Peerless X Baby Delight) recovers 
the parental phenotypes as double recessive and double* dominant, 
respectively, in a dihybrid se'-gregation, and the two single recessive*s 
are white-tan-tip and red. Wliem one of the'se single recessive's. 
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wliiU'-tan-tip, is crossiul with black (Pride of Muscatine X Klondike), 
the two parental forms art' also recovt'H'd as double rt'cessive and 
double dominant, respt'tdively, while the two single rt'cessives are tan 
and clump. The inft'rt'iict' arises that in these two crosses, instead of 
four different ji^eues, there are only (hrt'e. All other crosses in table 5 
confirm this hypothesis. Accordingly, the three gt'iies RTW arc 
postulated as th(' chit'f elements in a geiK'-interaction systt'in in which 
simultaneous segri'gat ion of R and Thas not yt't been obtained, while 
RW and TW art' shown to be inherited independently of each othtu*. 
A fourth gene, I) (table 6), operates as a modifier of black, RTW, anti 
tht' simplt' allelic relations of I) anti d are tlemonstratetl by four 
st'paratx^ F2 populations. 

In Goltlen Honey the clump background has almost disappeart'd 
except for a marginal band and shading on tht' hilum eritl as shown in 
figurt' 6, A, a. Thert' is no question that the recessive allel w is 
prt'sent with 7\ anti that when it is crossetl with tan in Golden Honey 
X Baby Delight the same full range of the pattt'rn is displayetl in 
three-sixteenths of tht‘ F2 population as in the two other crosst's, Sun 
Moon anti wStars (white-tan-tip) X Klondikt' (black) and Thurmtmd 
Grey (tan) X Stripetl Klondike (tJump). Figure (i shows the rangt*. 
of expression of the pht'iiotypt' clump in F2 populations of tht' crosses 
(.^1) Golden Honey X Baby Delight anti {B) Sun Mt)on anti Stars 
(white-tan-tip race) X Klontlike (black). 

In order U) test further the validity of tin* color-gt'ues hypotht'sis 
adopted from the foregoing F2 and backcrt>ss stutlit's, an F3 gt'neratitm 
from the cross white-pink-tip X tan was grown in tlu‘ summt*r of 19159. 
A summary of the tlata obtainetl from F3 classification for seed-coat 
color appears in table 8, anti is arrangetl to show F2 parentage, the 
type of segregation fountl, and the correspontlenct' bt'tween t)bservt'tl 
and calculated frequencies. Out- of 29 populations tlerivt'd from tan- 
colored parents, 6 provt'd to be from RRWW anti 8 from RRWw 
parents, thus constituting a slight but not serit>us reversal of t'xpt'cta- 
tion; the remaining 34 populations shown in tht' tablt' segregated in 
close agreement with the Mendt'lian jnoportions expected frt)m tht' 
foregoing hyptitht'sis. 

RELATION BETWEEN SEED-LENGTH AND SEED-COAT COLOR 

GENES 

Figures 7 and 8 show that when the allels T (black) anti f (tan) 
interact with Zand I (medium and long) or B and .s* (medium and short) 
there is independent assortment of all gt'iit's concernt'd. Tht' two 
figures gi’aphically tlemonstrate the complete dominance of black ovtT 
tan, medium over large, and medium over small, as well as tht* inde- 
pendent assortment of the three pairs of genes into two 9 : 3 : 3 : 1 
ratios in F2, 1 : 1 : 1 : 1 in backcrosses to the double-recessivt' parent, 
and all black medium in backcrosses to tht'. triple-dominant parent. 

The first indication that linkage existed between quantitative and 
qualitative genes for set'.d characters arose from the observation in 
1935 that small white seeds were rare in crosses expected to produce 
them. The approximate linkage value calculated from the 1935 cross 
of large white-pink-tip X small tan (Peerless X Baby Delight) was 
also obtained in 1937 from the cross large white-tan-tip X medium 
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black (Pride of Muscatine X Kloiidik(‘). Tlic observation that 
whiti'-tan-lip was involved in linkage with wbite-pink-tip in the first 
cross and that wbite-tan-tip and clump were involved in the other 



Figure 7. — Klondike X Baby 
J)elight (black iiiediuin X tan 
short): F2 and backcrosses to 
both parents, segregating for 
two color and two lengthiiheno- 
types— black, tan, niediuin, 
and short. 



SEED LENGTH (MILLIMETERS) 

Figure 8. — Klondike X 'riiur- 
inond Grey (black medium X 
tan long) : F2 and back crosses 
to both parents, segregating for 
two color and two length pheno- 
types --black, tan, medium, and 
long. Fndependent assortment. 


cross suggest(»d that the same rcc(‘ssiv(» gene w helps dtdermine the 
two white phenotypes and clump. 

In the study of the interactions of the four color and two seed-length 
genes by orthogonal chi-square values, no population available in- 
cluded at one time more than four of the six. The two crossc's offer- 
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ing quadriliybrid sogrogatioiis (iablo 9) were Oold(Mi Honoy X Baby 
Dcligbt, sogrogating for LST and \\\ and l\'orloss X Baby Delight 
segregating for LSR and W (se(' figs. 12 and 13). Several crosses 
segregated for LT and \\\ but they will not be disciiss(Hl since th<\y 
add nothing to the information from table 9 or from previous tables. 
Since the allels 1) and d operate only on the black pluuiotype, gene 
interaction is limited to D and L or t) and S, the effects of which arc* 
seen in tables 10 and 1 1 . 

'Fxble 9. — SoftrccH oj chi-square from the 9 possible single and double genic intei- 
actions m the 2 populations Golden Honey X liaby Delight (L^Tw X LstW) 
and F^eerless X Haby Delight {ISnv Y LsIfW) 


(Jolden Honey X Baby Oelijrhl ! Peerless X Baby Delight 


PhenotM>es 



Phenotj iJes 


('’hi'suuaie 

V able ‘ 

1 

1 

1 

Oene symbol 

! 

Nuni- 
i her 

Chi-sqiiare 
value ‘ 

' Oene symbol 

1 

j Num- 
j ber 

Lsrn 

I 29:t 

XM =0 4(52 

i LSHl\ 

! 

1 I7H 

X-I =0 011 

LSTtr 

AH 

X-« =0fi4(» 

LSUir 

; 18 

X*'' =0 707** 

LStW 

1 99 

x’l ^0 004 

LSrW 

! 74 

i X”r -0 

LSfir 

L+hTW 

; ^ 

1 91 

Jx*- =9<Kn 

tl.Srir 

7:t 

}x’.i =9 79a'* 


' 47 

X'lt -0 2S2 

1 JY Iff /Or 

i 

xb. =a Ml 

L-hhtW 

1 lb 

) 

;|A4-/«rU' 

1 L f Mra 

ftsinv 

1.') 

A 

- 

2 

200** 

1 0 

[X*I»-105S10‘ 

isrw . 

1 

I 

2S 

.1 

isrii\ - 

f\H 

X*o =0 0(52 

! fs/oi 

’ I.*! 

■ X’.- =-'9a.r 

tSfW 

1 14 

X’.u =0 0(52 

, tSrW 

.*> 

1 x--<«=9K99** 

istu' 

j 2f'. 

X‘’,„=(5 0i./5* 

tSni 

n 

,X-r./ =0024 

Total 

^ 7Hr> 

=154H77** 

Total 

' 158 

, X- =i:i8.i29*' 


I One decree of froedoiii for each A single asterisk (*) iiuiicates significaul deviation at 19 1 level, doiibh' 
asterisks (**) indicate significant deviation at 99 1 level 


Table 10, — Frequency distribution of phenotypes and chi-square analysis of gene 
interaction between stippling and long-seed factors in {Hope Giant X Haby Delight) 
X Hope Giant 




I^henotyjMvs (all black) 

Chi'S( 4 iiare valin‘ ' due to imiiealed gene 
and eorrespomling degrees of freedom 

C'ross 

Flat 
i me- 
dium 
(I)L) 

Flat 

long 

(Dl) 

Sti|>- 
' pled 

1 nie- 
1 diuni 

! (dL) 

Stip- ■ 

m ! 


De- 
grees 
of free- 
dom 

x“/ 

De- 
grees 
of fiee- 
dum 

x'0<< 

De- 
grees 
of free- 
dom 

WBC J9a. 

WBG 19c . 

1 Nijrn- 
' ber 
! (Ki 

!__41 

Num- 

ber 

.54 

28 

Ninn- 
1 ber 

1 28 

, 

Num- Num- 
ber ber 

,52 , 24(5 
:i0 : 127 

0 102 

7 87 

_ 

»c 

1 

1 

0 2(50 

1 .54,3 

1 

] 

Total -- 
Deviation . . 

107 j 

1 ' ' 

82 

j 102 

1 

82 i 5473 

i - ■ ' 

' .889 

! .043 

1 2 1 

i i 1 

.5 214 
.5 190* 

i' J 

L_.. 

1 803 1 
043 

1 2 
1 

IIeterog<*neity 

'1 


! 

i - ' 

, .81(5 

! ^ i 

024 

1 1 

1.700 

1 1 


» A single asterisk (*) indicates significant deviation at 19. 1 level. 
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Tablk 11.- Chi-square analysis of gene interaction between stippling and long- and 
skort-seed factors y using only relevant data from populations also segregating for 
phenotypes that are omitted here 


Phenol y|K‘s 


1 


Phenotyi>cs 




Chi-squme 

' Depieeof 

— 

1 -- e’hi-Mjuaie 

1 )epnic of 


Vurn- 1 
Imt ; 

\ nine 1 

' fieeaoin 


X. \aluei 

i 

freedom 

(ieiie .s>nib«)l 


i j 

OeiK 


J)L 

2;e7 

X-'o-l 

' 1 I 

US 

79 x-/-=-ooo:i 

1 

in 

.'7 ! 

xb -9 77*e* 

i 1 :■ 

Uk . 

1:4 100 ** 

1 

dL 

94 1! 

x-/>/ -1 OHM 

1 

dS 

:40| 

\ / 1 ^.IH 

1 

dl . .. 

17| 



d<‘ 

it 


Tot'll . 

i*r. 

12 120’** 

•1 


Total 124 ItiHl** 

:4 


I DduMr u.''t«'nvks (**) huIichK' sipinfiranl dOMtilioii at ‘J9 1 IcviM. 

In tli(‘ (loldrn HoiK'.v Bahy p()|)iilation, out of 12 pluaio- 

typ(‘s (tluMH'lon^ I 1 (l(‘i»:nM»s of fnaaloin), only tlu* 9 single and doubit* 
^(‘iK* inl(‘nH*tioii d(»^n‘(‘s shown in tabh^ 9 two iisoful. Tlio two triple* 
^(UK* int(*raction d(‘s>:r(*<‘s remaining ^ive* no linkage' information and 
may be* omitle‘d. The* data show a strong pre'sumptiem of linkage* 
(x^Vh -- 1 47.21)0, 1 eh'grve* eif frea'dom) for the* ge‘ne*s L and IT, and a 
w’(*ak one* for T anel IT (xVM-'h.OOr)). This last-named value* 
(X" 7 ’H “tbOOT)) lias alrt'ady b(*e'n analyz(*d (table* 0) for the* two se‘(*tie)ns 
of the* population grown in 19oK and 19)^9, re‘spe*(*tively. The* two 
chi-sepiare* value's in (pie'stion art* 2.H().‘1 and .‘l.(i27, ii(*ithe*r of w'lii(*li is 
signifieaint, altheiugh vvhe*n the* two S(*e*tions are* summatt'd te) make* 
om* populaiie)!!, as in table* 8, the* individual sheirtagt's e)f wdiite'-tan-tip 
phints accumulate* te) give* an incivast'el chi-s(|uare* value*. 

Int(*ractie)n eif L anel S cannot be* stuelie'tl in this or any e)the*r e ross 
be'caiise* in the* 9:d:4 rat it) pre*.se*nt tht*re‘ are* but 2 ele*grt*e‘S of frt*e‘tle)m, 
VIZ, L vs. /, anel vs. v, anel lhe*rt* is no way of ortlit)ge)nalizing the* 
L vs. intt*ract it)!!. Ilowi'ye*!', if L anel /S' w ere* linke*el, the*n S' anel W 
woiiltl alst) be linkt*el, since* linkage e*\ists be*twt*e*n L anel 11' (se*t‘ elata 
to follow). 

The* Peerless >' Bal)y l)e*light cross will give* little* rt*liablt* informa- 
tie)n on the ge*nt*s S’ anel IT e)r their interaction, be*cause* the* single*- 
geiie chi-scjuare* value's are each statistically signilicant. x“/w lOo.Slh 
indicate's the* se*ce)iul stre)ng presumptu)n of ee)iipling linkage betwe*e*n 
L anel IT in correiboration of the* pre*ce*tling cross e‘vitlene*e. A st'conel 
signilicant chi sepiare, x\u ~ 9.899, 1 th*grt*e e)f fre*t*tle)m, preibably 
re'sults from that given above*. x“\v anel art* neinsigniiicant ; 

ceinse'qiie'iitly the* chance's art* against the pre'se'iice e)f any linkage's in 
this serit's e\ce*pt the* possible* but yet untrie'tl combination 7" anel /?, 
anel the highly probable L anel IT, to he e*valuate*el Iate*r. 

A graphic portrayal of the diH'ere*nt type's of factor interaction 
betvv(*en tht'se (*olor anel h'ligth ge'iu's is pre‘se*nte*el in the st*rie*s tvf frt*- 
(immey polygons (figs. 7-b5). All crosse*s not re*j)re*se*nte'd graphically 
are in agree'inent wdth the inte*rpretations offereei. 

The gene interaeUions involving D with L from the* backcre)ss 
(black stipph'd long X tan flat short) X black sti])ple*el long are she)wn 
422sr)‘j n 2 
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in table 10. Data art' given for the only two baekeross populations 
where inlt'raetion of I) with L ean be followed without interferenee 
from other gt'iu's. Both populations are from tlu' same parentage 
and both givt' tin' information that no linkage relations t'xist between 

genes L and D. No crosses art' 
available showing only the inter- 
action of I) with N, since that 
would recpiire an as yet unknown 
parent having stippled black short 
set'ds. However, it is possibh^ to 
approximate the n'latioiis of 1) 
with L and S by omitting irrt'le- 
vant data from more comfdex F 2 
segrega t ions. Thesi' an[)roxima- 
tions are given in table 1 1 and 
show tliat within such limits no 
linkage' relations exist betwet'n 
D with either L or N. 

The only gene interaction mani- 
festing clear-cut demonstrations of 
linkage is that betwt'en L and \\\ 
the effects of which are graphi- 
cal! v shown in figures 9 to 13. In 
table 12 art' given all rel(*vant data 
on 10 F 2 ]>o[)ulations in tlu' cou- 
pling phase, 2 F 2 populations in 
repulsion, ami 7 backcrossi's, to- 
gether with estiinatt's of linkage 
intensity. 

Th(' populations in coupling and baekeross to the double-recessive 
parent arc always most satisfactory for estimating linkagein ti'iisities, 
as Fisher (1) and Mather (S) have shown; consequently the coupling 
value 19. Si 1.1 percent, estimated by the product method, and the 
value 15.8 ±1.2 p(‘rcent, obtained by direct calculation of cross-overs 
in the baekeross, give' a more reliable estimate' than th(' value 24.7 ±4.9 
percent, estimatecl by the maximum-likelihood method from the repul- 
sion populations. 

Table 12. — Analysis of sources of cht~sq\iare and estimate of linkage value for 
L and W in popnlations segregating foi seed length {medium y L, vs, largcy 1), 
and seed color (black or tarty W, vs. white or clump y w)y in 10 F 2 coupling y 2 
repulsiony and 7 baekeross populations 


Tyiu' of cross 


Phenotypes 


Linkage 

value 

fnii-smiare value due to 
mdicuted gene ' * 

L\V 

Lw 

nr 

lw 

Total 

X* / 


LW 

Coupliog . 

Repulsion » 

Baekeross 

Num- 

ber 

1,031 

105 

362 

Num- 

sber 

124 

77 

74 

Num- 

ber 

140 

71 

67 

Num- 

ber 

240 

4 

389 

Num- 

ber 

1,535 

347 

802 

10 3±1 1 
24 7:t4. 0 
15. HdhL 2 

0 006 
1.045 
.405 

1 355 
i .424 1 
1 221 

410 501 
16 080 
414. 422 


1 Each X* has l-dORree of froedoin. 
a Sijmiflcanoe lev**l. 10 : 1-.3.841; 90 : 1-6.635. 
3 By maximum-likelihood method. 


However, Mather (6‘, p. 63) shows piat a completely classified Fa 
population “contains twice as much information about’ the recom- 



Figuke 9. — Klondike X Sun Moon and 
Stars (black medium X clump long;: 
F 2 pox)ulation showing coupling-phase 
linkage between L and Iv. 
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binntion fraction” as a backcross. ConsccjUcntly, tlu' fact that the 
43 Fs po])ulalions indicate tlie full ti:(‘n()ty])(‘s of tluar Fo parents 



7 45 10 45 13 45 8 25 1125 13 65 

SEED LENGTH { MILLIMETERS ) SEED LENGTH ( MILLIMETERS ) 

Fkicke U).- Pride of Muhcatino X Fku he 11 . Striped Klondike X 
Klondike (white-tan-tip loiif? x Thnrinond Gre\ (elumi) medium 

black medium); ^^2 population x tan long): Fo poi)ulation segre- 

segregating in four color pheiio- gating in same phenotypes as in 

types, black, tan, clump, and white- figure 10, but with repulsion 

tan-tip, and two length phenot\ pes, linkage between L and IF. 
medium and long. Coupling link- 
age between L and IF. 

provides a degree of precision not available in the data of table 12 . 
In table 13, therefore, is seen the distribution by phenotype symbols 
for L and W of the 43 parent plants of the F 3 generation. Calculation 
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ot the linkage* valuo by ihc maximum-likelihood method indicates a 
coupling linkage value* of 21. 52 ±7. 24 percent, which falls within the 
range indicated by the data of table 12. 

T-\ble 13.- ^{rtalysis of the (tistrihution hy phenotype symbols of the identified 
genotypes of parent plants of the generation from the cross LW X Iw {tan 
medium X white- pink-tip long) 


Phenot.N po 


I Frt‘(iupnc‘> 


(^hi'Square 
valtip ^ 


Linkaup 

\aUio 


7.M' 

Lit' . 

/ir 

Iw . 
Total 


! I Percent 

2tl ' = 0 ()7() : 21 r)2i7 24 

2 I fl2S 1 

\^/,>=l>72r*’ 

t.t 


1 Doublp aslprisks indicate siuntficaiir de\iation at 1 1 p\p1 



4 75 7 75 10 75 13 75 


SEED LENGTH (MILLIMETERS) 

P'kjuke 12. — PeorlcHs X Baby Delight (white-pink-tip long X tan short): Fj 
population segregating in' four color phenoty])es, tan, red, white-tan-tif), and 
white-pink-tip, and three length phenotypes, short, medium, and long. Cou- 
pling linkage between L and IF. ^ 

DISCUSSION 

Weetman (9) studied inheritance of seed weight (units of 25 sccmIs 
per fruit) of Fi, F 2 , and backcross populations for the cross light 
(1-22±0.01 gm.) X heavy (2.60 ±0.05 gin.). In reciprocal crosses the 
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Fi mo(l(‘ varied a ]il(l(‘, but was always dost^i- to tli(‘ mode of the 
tliaii the h(‘avier parent. F 2 and baekeross distributions were 
biniodal, su^^(‘stinj>: s(‘|j:repitions of 8 W^ht to 1 lieavyforFa, all light 
for baekerosses to tli(‘ light parent, and 1 light to 1 lieavy for baek- 
erosses to tin* lu^avy [lanuil. J)(‘spit(* significant deviations between 
obs(‘rv(‘d and calculated ratios, th(‘S(* data indicat(‘ that Weetman 
had ])arental ract's cojTes])onding to th(‘ inediuin and long-set^h^d 
])h(‘notyp(‘s of tlu' pn'sent investigation. Tht‘ writtus obtained good 
fits b(‘t^\(‘(‘n observt‘d and calculat(‘d ratios Ix'caust* all fdienotypes 
had long, narj’ow setxls. Inuice variation was mainly in l(*ngth. Ther(‘ 



5 05 8 05 1 1 05 14 Ot 

SEED LENGTH (MILLIMETERS ) 

Fk.ckk Ki. (Joldeii ll(»nc\ Hatn Dcli^^lit (c]uin]> lon^ tan .short). Fa 
pojiiiliitioJi sc^^n'^atin^ in four color plicnot N pcs, black, Ian, ciuiiip, and whitc- 
tan-tij), and three h*ngtli phenot\ pe.-s, .'sluirt, inediuin, and Jon^. Coupling 
linkage' between L and IF. 

are biotypes in Citrullus rulgarifiy how(*ver, with n^latively broad 
s(‘(*ds, and crosses between this and the long narrow phenotype would 
])robabl3^ segregate for more genes than L and S, The poor lit 
obsiTved by AVeetman may have arisen from the pres(*nc(‘ of seed- 
shat)e genes in addition to S(»ed-length genes. 

In parent varieti(‘s there are at least two extreme kinds of (‘lump and 
tan se(‘d, which, on crossing with anotlnu* phenotype, present the 
saim'. shade range in the si'gregating clump or tan phenotype found in 
F 2 . This shade range within the same phenotype in st'gregating 
populations is not caused entirely by accompanying dominant genes 
of the triple int(»raetion system, for the two original parent varieties 
(jolden Honey aiul Sun Moon and Stars (fig. 6) were certainty not 
segregating. Tht' range' from light tan identified from ^^aerz and 
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Paul {!)) as It^gliorn (pi, 10, 1) 3) to dark brown (Tummy, 2)1. 7, L 11) , 
runs parallel to the shade range of the poultry bre('d called Brown 
Leghorn. In the case of poultry the predominant shade is leghorn, 
as the bre(»d name indicates, but much darker shades of brown ar(‘ 
frequently found within the breed, and upon crossing with otlnu* pheno- 
type's give' the' same se^gregation range as the lighte'r le'sghorn shade. 

In the e'arly stages of these investigations the' (‘xtrc'ine'Iy re'duceel 
clump phenotype of (lolden Honey was thought to be white rather 
than (‘lump (8). thus causing some confusion in classifying for color. 

Red in segregating j)opulations is another phenotype giving a wide' 
range of shades from fe'Z red to powder pird^, as illustrate'd by Mae'rz 
and Paul (5), and no doubt diflVient inve'stigators will call this pheno- 
type by difTere'nt names, sue'h as reddish brown, orange, or ivd. The' 
rc'cognition of the' e'xtcnt of the' shade range comprising a give'ii pheno- 
type is facilitated by using e'Uvedope's with cellophane windows wheui 
classifying Me'ndelian populations. For the' sake' of future gene'tic 
studies of wate'rme'lon it is important that investigators know the'y are' 
dealing with a given ge'tiotype no matter under what name's it niay 
appe'ar. If the range' of shading found within a mve'U phe'notype is the 
same from (*ross to cross and appe'ars re'pe'ate'dlv in the approximate' 
proportions e'Xpecte'd by a working hypothesis, then the e'xiste'Uce' of 
black, clunij), tan, re'd, white-tan-tip, and white-pink-tip as Me'iule'lian 
phenotypes is e^stablished. More'ove'r, all the j)henoty])('s but bla<*k 
and ('lump appe'ar as expecte'd by gene' analysis right into F3, and these' 
fit so adequately into the inte'raction system he're developed, be'sieles 
confirming the findings of other inve'stigators, as to re'iide'r furthe*r 
investigations of these two unne'cevssary. 

Kanda (3) in 10.‘11 publislu'd a pre'liminary re'poit on inhe'ritance' 
stuelie's in see'd-coat (*olor, in whie'h he [)re'se'nte'el de'taile'd studie's of only 
2 crosse'S, one evidently involving the same* pair of factors he're (‘alh'd 
black flat and black dotte'd (Dd), Mdu(*h was carrie'd to K3, and the' other 
postulate'd as se'gre'gating f()r 4 pairs of factoi-s including Dd. About 
80 additional crosse'S re*ported had not gone' be'vond Fj The' (*ross 
reported to se'gre'gate for 4 pairs of fae'tors for se'ed-coat color comprise'd 
123 plants in F2 and was carrie'd no further, eh'spite' the fact that an 
adequate analysis required a minimum of 1,024 plants to include the' 
([uadruple re'ce'ssive at r)-pe'rce'nt probabijity and betwe'e'n 1,500 and 
1,855 plants to include it at l-pe'rcent probability. When Kanda ’s 
F2 phenotypic- ratio is subje'cte'd to a t(»st for goodne'ss of fit, as in table' 
14, the chi-square value' olitaine'd is 12.630, with 5-pe'rccnt significance 
at 9.488 and 1-percerit signifieuincc at 13.277. If his phenotype's are 
compared with those obtaine'd in the' pre\sent mate'iial, a closej* agre»e'- 
ment can be re'ached by assuming only 3 pairs of factors, which w ill 
produce a chi-square value of 9.010, with the same leve'ls of significance 
as given above. In the sugge'stenl postulation T and D are certain 
(according to the wrritei-s^ hypothesis) to be included, and /? is suggested 
as the third gene. Even if this is an oversimplifie'ation, it fits the 
situations already known,' provide'd Kanda\s ‘‘brown clear’' phemotype 
comprises the range obse'rved for the writers’ “red” phenotype. 

Weetman’s (9) study of seed-color inheritance supports the writers’ 
interpretations when allowance is made for inevitable personal bias 
in the choice of names for fluctuating shades of color. For example, 
Weetman’s description of •Japan 4 seed color as “medium brown with 
fine black dots” is the , writers’ dotted black, and his Ijong Iowa Be'lle, 
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doscribod as tan with poripheral black band,” is tin*. writ(‘rs’ 

clump (see fi<^. ()). l)eseri[)ti<)n of the b(‘.tween them as '^brown 
nonbandt'd * * * darker, as the fint' blaek dots were more 

nuiTKuous” is an aeeiirat(» description of the writers* Fj Thurmond 
Grey X Striped Klondike, or Golden llont'y X Baby I)eliji:ht. Fo 
and tli(‘ baekeross to Lon^ Iowa BtOle (elumi)) ^ave tln^ (‘xpectetl 
segregation of and 1: 1 , respectively, and the baekeross to Japan 4 
(black) was ‘‘all brown nonbanded” as expected. 

14 . Knrolaa populatiojt with gene analgsis giveUy and a proposed reidsion 
in the light of the piesenf investigation 
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.lA///il 

17 :t 

RTd 

Brown knot) , 

‘21 

17 29 

A.\fh (A' or A. 
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‘ F(tr fi-iM*r(viit = 0 4aH. for I iKToont probat>ilit> ■= l-l J77 

In \Vt‘(‘tmairs second cross, involving Japan h and Lonj; Iowa B(‘lle, 
th(‘ hunale ptinud is nderred to as ^hvddish brown” and the F, b<'tw(‘en 
thtun as ^‘black,” doubth^ss th<‘ writers* Hat black. ^‘Reddish brown** 
in this case is probably the* writers* dark tan. which when cross(*d to 
clumi) produced 9 black, J “yellowish to nnldish brown” (tan), 3 ^Ji^lit 
tan wdth black bands” (clump), and 1 “tan (juite variable’* (white- 
tan-tip). Th(' backcrossf's to both parents sej^re^ated as expect(*d 
for these plauiotypes. 

In W(‘ctman*s third (*ro.ss, Japan G and China 23, tin* latliT had a 
clump pluMiotype, and Kj ((‘xpf^cted to sepe^ate 9 : 3 : 3 : 1 as above) 
was classifital as 9 “dark brown or black,’* 4 “reddish or yellowish 
brown,” and 3 “tan banded.” The baekeross to tin* tan parent gave 
1 black and 1 tan. in F 2 the 4/16 class was obviously a difficult one 
to classify and the doubl(*-r(»cessive phenotyp(‘ could not b(‘ identifu'd 
with comphde assuranct'. 

The inve.stigations reportf'd by the present writers substantiate the 
published reports from other sources, and by adding luwv data co- 
ordinate the information now available on form and size of sf'cd and 
on sevim scful-coat color phenotypes into a unified system somewhat 
resembling the classic system of aleurone colors occurring in Zag 
mays L. 

SUMMARY 

The three secHl-length phenotypes used in this study short (aver- 
age about 6 mm.), medium (average about 10 mm.), and long (average 
about 13 mm.) -behave with respect to each other as though belong- 
ing in a dihybrid F 2 segregation of 9 medium (LS) to 3 long (IS) to 4 
short (Ls and Is), 

Seed-coat color phenotypes of parent biotypes used in this study 
are black, clump, tan, ‘white-tan-tip, and white-pink-tip. Of 10 
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possible combinations 7 have been made. Analysis of F2, F3, and 
backcross populations indicates that the colors and patterns of this 
series arc determined by the interaction of a system of 3 main genes 
RTW and 1 specific modifier D operating on black alone. Of the 8 
])Ossible phenotypes from the 3 main genes RTW, 6 are indicated, 
RTW (black), RTv^ (clump), RtW (tan), Rtw (white-tan-tip), rtW 
(red), and rtw (white-pink-tip). RTWd restricts the black pigment 
to dots more or less uniformly distributed. 

There is no evidence of linkage within groups of the length (LS) or 
color (DRTW) genes, since all possible combinations have bet*n 
analyzed except 77?. But between groups, the genes L and W dis- 
play coupling linkage of 19. 3 ±1.1 in F2 and 15.8 ±1.2 in backcross, 
24.7 ±4.9 repulsion linkage in F2, and 21.52 ±7.24 coupling linkage 
among the completely identified parents of an F3 generation. 
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INCREASED SIZE AND NICOTINE PRODUCTION IN 
SELECTIONS FROM INTRASPECIFIC HYBRIDS OF 
NICOTIANA RUSTICA ‘ 

Hy Harold H. Smith, Oftfittitant ycrutiast, and (’harles W. Ba( o\, physiologist y 
Division of Tobacco Investigations^ Bin can of Plant Indnstnjy United Slates 
Department of Agriculture 


INTRODUCTION 

At proscMit nicotine is obtainiRl from leaf st(*ms and low-grade or 
scrap-leaf material of Nicolkina labactirn L. as a byproduct of the 
tobacco industry. However, with the possibility of an increasing 
demaJid for nicotine, because^ of its wider usi' in insi'ctieides and for 
other purposes, there may be need for varieties of tobacco that can be 
grown profitably for the nicotim* alone. 

As early as 1911 Nicotiaua rustica L. was shown “ to have a liigher 
(*ont(‘nt of nicotin(‘. than A\ fabacuniy and it was suggested at that time 
as a logical species to use as a sour(*e of this alkaloid. 

For a numb(‘r of yi^ars many different varietiivs and introduced 
strains of Nicoftana n/sflea have beim grown by the^ Division of Tobacco 
Investigations and tested for yield and alkaloidal content. Types 
with the highest yi(*lds of nicotine were selected and continued each 
season. It was consichuvd, liowever, that even among the best of 
these theie was need for improveunent of jilant characteristics and 
especially for largiu* siz(‘. 

T1j(» late Otto Olson, of this Division, working in cooperation with 
tin* Pennsylvania Agricultural Experinnuit Station, crossed two 
favorable varieties of rustica some years ago, and si'lections 

from his hybrids have also been continued. 

With these sourci's of material the investigations n*ported herein 
weri' begun in 1930. Their pui*pos(» was to combine the best size 
charactei-istics to olitain a largcT A^icotiarui rustica giving incri'ased 
yield of nicotine. 

MATERIALS AND METHODS 

Two inbred varieties from introduced seed lots and oik' of the best 
Olson solections w(»re used as panuits for crosses. They are described 
below. 

(1) Nicotiana rustica var. brasHia Schrank, strain 34753 (fig. 1, A) 
Seed was obtained from A. Splendore, S(*afati, Italy, in 1913, and was 
noU'd as coming originally from Brazil. 

(2) Nwotiana rustica tall type (fig. 1,5). Seeds were obtained in 
1926 from the Cambridge Botanical (iarden, Cambridge, England. 

‘ Received for publication March 3, 1941. 

* Qarrad, (1. n. THE GROWING OF TOBACCO FOR NICOTINE EXTRACTION. Southeast. Agr. ( ol. Jour. 
20: 367-393. 1911. 
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They were not labeled with any varietal designation and have been 
called simply tall type. The strain is probably nearest to N. rustica 
var. scabra Cav. 

(3) Nicotiana rustica Olson 68 (fig. 1, C). This lino was selected 
from a cross between N. rustica var. Winnebago and N. rustica var. 
brasilia No. 23. It was continued by inbreeding through a number 
of generations until in 1938-39 the F,# and Fn were grown. 

All plants in these experiments were grown at the Arlington Experi- 
ment Farm, Ai-lington, Va. They were placed 18 inches apart in 
1-meter rows so that there were 8,800 to the acre. Shortly before 
planting time, 4-8-4 fertilizer was distributed uniformly in tin' drill 



Fig CHE 1. — Parental types of Nicotiana nslica used in crosses: A, Variety 
brasilia, strain 34753; B, tall type; C, Olson 68. 


at the rate of 800 pounds per acre. The soil was Keyport silt loam, a 
heavy, claylike type, and was approximately uniform throughout the 
plots used. 

Measurements on plant height, number of leaves, and length and 
width of the lai'gest leaf were made soon after the onset of flowering. 
The best plants were bagged, and about 28 days later their loaves 
were picked and hung in the curing barn to diy. 

Following the drying, or curing, selected leaf samples were weighed 
and gpund into a fine powder preparatory to chemical analysis. A 
modification of the Keller method, developed in the Division of Tobacco 
Investigations, was used to determine the nicotine content.® 

* OAKNitR, W. W., Bacon, C. W., Bowuno, J. 1)., and Brown, D. E. the nitroqin nutrition 
OF TOBACCO. V. S. Dept. Agr. Tech. Bui. 414, 78 pp., Ulus, 1»34. 
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RESULTS ON INCREASING SIZE 

PARENTS, FrS, AND Fa’S 

Average' measiiremeiits on the three parental types used an* arrangenl 
in table 1. The year during whieh each family was grown is prefixed 
to its number; e. g., 37190 in 1937, 38179 in 1938. It is evident that 
l)ronoun(*(*d yearly fluctuations occurred and must be taken into 
account when making comparisons [)etween parents and hybrids. 

Table 1 . — Means of measure me rits on parental strains of Nicotiana rustica and on 
F\ and gene rah on families resulting from crosses between them 





Nuin- 

Avfrape 

Average 

Average 

Average 

I’jufiit or fidss 

( i<*nfiat!oTi 

Family 

bfr of 

l>lant 

number of 

length of 

width of 



No 

iDdivid* 

lifiuht 

leaves 

largest leaf 

largest leaf 




iials 









Inchen 


Inches 

Inches 


I‘i 

37199 

38 

28 5db9 31 

19 fti^O 31 

13 2±0 21 

10 4±0. 2;{ 

Variety bruMilm, :U7.W 

-do 

3K179 

29 

29 9di . ft4 

24.ftdr .82 

13 Id. . 1ft 

11 ftd: . 14 

..Mo .. 

39232 

ft 

14 4d=1.78 

11 H±2 3ft 

9.7± .41 

10 Od: <>ft 

1 1 

. do. 

37192 

tiH 

38 4rt 32 

18 9d:: 29 

12 2d: . 23 

11 Id: 29 

Tall typf 

do 

3H20() 

24 

ftO Odr 97 

22 3:t . 33 

12 9dt .17 

13 Id: 29 

do. ... 

392:13 1 

ft ! 

! 49 0d;l 

29 2± 37 

i 10 ftd: 4ft 

19 9d: . 29 

Olson ()8 

. do ... 


33 

1 32 li: ft7 

I7,r,± 52 

, 12 9d: . 21 

! 11 Sd: . 13 

il 

do . . 

39238 I 

5 - 

1 30 9=fc2 .55 

14 9=bl 95 

1 10. 9d: 

i 10 2d: .41 

:i47r>3 X tall type 

K, 

:1719.') 1 

14 i 

1 :17 9dbl 37 

19 9dr .27 

1 12 9d: 30 

1 11 3± 34 

do 

1 ;18293 1 


47 1:L .81 , 

, 20. 8± 58 

1 14 3± . 29 

1 

’ 15 8± 20 

(:i47.'\;i X tall typf) solfodj 

Vi 

:1719() I 

7t) i 

39 2d= 91 

I 19 9± 3ft 

: 13 3d: . 24 

1 12 3d: 19 

VMIM X tall typf) X i 

<io 

' :17197 i 

, 

39 0± 89 

' 17 7iL 29 

' 14 Id: 24 

1 12 7d: . 2:4 

'\ 

do 

, 3K20r> 

n 

' Ift 9d_l 2t 

, 21 91- 19 

; 14 9d 29 ! 

! 13 9d: 29 

(:n7.'>3 X tall typf) X 
lalll^pf 

<lo - ' 

37198 1 

71 , 

49 ftd: . .'>7 

18 9i. 32 

12. 2d: 21 1 

I 11 Sdr .22 

(;u7:).t X fall typf) x 

01si)n (ts 

do 

38222 

89 . 

ftl 9dz 71 . 

24 '>± 47 

14 9d: 17 ' 

13 4dr 19 


The F] l)etwe(‘n strains 34753 and tall type' was significantly taller 
than strain 34753, but was not as tall as the taller pare'iit (table 1). 
It hael significantly fe'wer leave's than eithe'r, anel the large*st leaf was 
at h'ust as large as in the' pare'iits. Significance in this paper is elete'r- 
mine'el by the t te'st for /'~ 0.05. There' was no eh'cre'ase in ave'rage 
vigor from the first te) tlie se'e^ond hybrid ge'iie'ratiein. Backcrosses of 
the Ki to strain 34753 (table 1) anel to tall type' tended to be interme- 
eliate i>etwe'e'n tlie Fi anel Fo ave'rage'S and those of the' re'current pare'nt, 
with ce'rtain exce'ptions. 

Some individuals with pronounced increases in size' were eibtaine'el 
in the' se'cond hybrid generation. Tlu'se were se'lfeel anel also weie 
crossed with Olson 68 in an attempt to produce still larger jilants. 
The immeeliate effect of Olson 68 on increasing plant height anel nuni- 
ber of leaves is evident by compar ing (table 1) family 38205 with 
family 38222. 

sei.b:ctions from hybrids 

Four new lines wt're developed fi’om the best plants in the seconel- 
generation families 37197 and 38222. Tlu'y were continued by selfing 
and also were ciosse'd once with Olson 68 and the'ii successive'ly selfed. 
Selections from the latter self-pollinations produced better plants than 
selections from the formi^r. Average measurements on a few of the 
best families in each line, from the F3 to the are shown in table 2. 
Data on some outstanding individuals are presented in table 3. The 
original F2 plant of line 1 and its progeny were tall and had exceptionally 
large leaves, which was a major factor in producing the high yields of 
plant material obtained. 
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Table 2. — Means of measurements on families in selected lines from hybrids between 

types of Xicotiana rustica 


Line Xo. 

flonoration 

Family 

No. 

Num- 
ber of 
individ- 
uals 

Average 

plant 

height 

Average 
number of 
leaves 

Average 
length of 
largest leaf 

Average 
width of 
largest leaf 


iFs 

38208 

69 

Inches 

48 2i:0. 98 

21.2:t0 45 

Inches 

15 5i0. 10 

Inches 
I4.2i0 20 

Line 1 

IFs 

|F3 

38224 

72 

51. 2± 55 

21 8=fc 25 

16. 3± 14 

15 Oi . 15 


30203 

5 

52. 2±2. 58 

2.5. 2=1=1 50 

13. li .43 

10.4=t. 43 


30245 

8 

46. 3dt3. 03 

23 8±l. 54 

n.9± .32 

10. 9± . 52 

Lino 2 . 

\r, . - 

38228 

42 

44.6=h .55 

22. 7± . 68 1 

I5.ldb .23 

13 4=fc . 20 


, 38278 

10 

.50. 4± 1.52 

27. 5=t , 74 i 

12. 2± . 22 

0 6i . 21 


iFi 

38218 1 

42 

54 Hzt .SS \ 

28 0=1= . 56 i 

13 7± . 13 

12 0± . 14 

Lino 3 - , 

{F4 . . 

1 38210 

42 

.55 0± . 64 

27 0=L 52 

14 6=b . 18 

12 4=1: .21 


|f« . 

.30291 

^ 1 

44.3=b3.21 

29. l=fc 83 

J1.3i .34 

8. 7=t . 28 

Line 4 j 

/Fi 

30271 

10 I 

41.7±1.27 

22. 0± 1.07 1 

11.7db .10 

10. 4i . 43 


\F4 

30292 

1 

58 7±J.48 

2.5. Oil 16 

11 7db .31 : 

11. 3i .34 

Lino 3 X lino 1 | 

Fs X Ffl 

3029<j 

K 1 

.51.4±3..37 

24 6i . 87 

12 9=t . 26 

0 0=1= . 26 

Line 2 X lino 1 . i 

Fs X Fi. 

1 

39;K)0 

14 

60. 8=1:3 49 

32 l±l 01 

13 3=t . 26 

10, 7± . 25 


Table 3. — Data on best plants in selections from hybrids 


Line and individual 
plant No. 

Plant 

height 

Number 

ofloavo.s 

1 

1 

1 

Length 
of largest 
leaf 

Width of 
of largest 
leaf 

! 

Total 
weight of 
loaves 

Nicotine, 
air-dry 
Imsis. plant 
not 

lopped 1 

K. St i mated ^ 
potentmi 
yield of nico- 
tine i>ei aeie 
if plant. s are 
topped 

T..ino 1. 

Inches 


Inches 

Inches 

Grams 

Percent 

Pounds 

38208-62 

48 

20 

19 0 

15. 5 

\ 136 0 

4 55 

173 

Lino 2: 




! 




39245-J 

,50 

29 1 

1 12.0 

11.0 

120.3 

4 01 

151 

Line 3. 


1 






38219-20.. , 

Lino 4' 

60 

29 1 

16.0 

14.5 

' 163. 0 

4 45 

204* 

38222-9 . 

48 

30 

1.5.5 

15,*0 

138 7 

4 46 

174 

Line 3 X line 1 








30296-1..-. 

36 

23 1 

12 6 

0 0 

112 4 

5.30 

150 

Lino 2 X lino 1. 








39300-4.. . 

6;i 

34 

14 0 

11.5 

' 14.5,0 

6. 22 

231 

39300-6 

61 1 

,41 

13 .5 

11.0 

129 0 

4.90 

173 

39300-9 ... 

51 1 

'31 

14.5 

i 11 0 

127 0 

6.49 

200 


5 Topping Is tho practice of cutting off the upiM‘r part of the plant, which includes the in(loresceuc*o and 
smallest heaves. 

* Estimate bas<>d on a 2-perocnt inm^se in niwitinc content if plants are topped. The yield from the 
stalks has not been added; this should amount to about 15 more pounds of nicotine per acre. 

Tlip original F 2 plant of liin* 2 and its progeny were large in all size 
characteristics measured and were late-flowering, a favorable feature. 
The original F 2 plant of line 3 and its progeny had relatively many 
leaves, which was a major factor in producing its high yields. Line 4 
was developed from the best plant of family 38222, which was large 
and relatively liigh in nicotine content. 

Many of the plants grown in 1939 were too stunted by the dry season 
to be considered typical; but when comparisons were made between 
families in which a limited number of representative individuals were 
measured, it was found that each new line was significantly larger 
than the nest original types in one or more measurements. Increased 
size had been maintained, then, by selection and inbreeding through a 
number of generations and under adverse seasonal conditions. 

In order to combine desirable characteristics of the new strains, 
crosses were made in all possible combinations among the best Fj 
individuals in lines 1 , 2 , and 3 and the best F 5 in line 4, These Fj 
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crosst‘s wore each significantly largc^r (with one cxc(‘ption) than the 
original varictii^s. Esp(*cially promisin^»: was the cross betwee^n liin* 2 
and line 1 (39Ii()() in tables 2 and li), which was sup(M‘ior to any of tin* 
new inbred line's, themselve's. Line 8 X line 1 (39290) also proved to be' 
a favorable^ combination. 

In re'gard to the' most outstanding se^re'gants, plant No. 2 (fi^. 2, A) 
of the e*ross line 2 X lim' 1 was 70 inche'S tall, which was the gre'atest 
height reache'd by any Nicoiiana rusfica ^rown during the (*e)urse of 



FicruE 2. TlinM* ('\cei)ti<)iial plants in the family (39300) produced by crossinj^ 
line 2 X line 1: J, Plant No. 2, height 70 inches; li, plant Xo. 0, 41 leave's; 
C, plant No. 4, 140 gm. of leaf material, estimated potential yield of 240 i)ounds 
of nicotine per acre. 

the expt'rinients. Plant No. 0 (fig. 2, B) of the same cross hael 41 leaves, 
which was the highest leaf numbt'i* recorded. Finally, tin' inert'ased 
size of ('crtain individuals was demonstrated by their high yield, which 
is discussed below. 

RESULTS ON YIELD OF NICOTINE 

WEIGHT OF LEAF MATERIAL 

SeltHdion in thest' experiments was based on yit'ld of nicotine as well 
as on characteristics oi the plant in the field. The former is mainly a 
function of total leaf weight and percentage of nicotine. Green plants 
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with th(‘ largest measurements in the field usually had the heaviest 
weight of dried leaf material, so that there was general correspondence 
between the two groups of data. 


Table 4. — Total weight of leaves, percentage of nicotine, and estimated potential 
yield of mcotine per acre from selected bagged plants of parental types of Nicotiana 
rustica * 


Parental tyjH* 


V’^ariety 6ra«>7ta, 34753 

Variety brasilia No. 23 _ 
Tall type _ . 

Olson 68 

Olson 68A- 


Family 

No. 

Num- 
ber of 
Individ- 

'I'otal weight of 
loaves 

Nicotine, air-dry 
basis 

Estimated poten- 
tial yield of nico- 
tine per acre 


uals 

Average 

Highest 

Average 

Highest j 

Average 

Highest 

/ 37190 

10 

Grams 

94.8 

Orams 

115.8 

Percent 

2.71 

Percent 

3. 19 

Pounds 
50 3 

Pounds 

71.7 

\ 38179 

7 

88 0 

119.9 

4.25 

5.84 

75.1 

94.2 

39231 

4 

41 2 

63.9 

6. 15 

7.24 

47.9 

68.4 

/ 37192 


74 6 

91.2 

2.09 

2. 73 

31.5 

48.3 

\ 39233 

4 

44.2 

50 5 

3 44 

4.11 

28.7 

34.1 

38186 

5 

83.6 

106.9 

3.69 

1 5 43 

61.7 

84.5 

39239 

3 

64.6 

66.1 

1 

6.79 

1 6 14 

61.3 

72.0 


Weights for the parent strains are given in table 4, showing the 
average and maximum for each year. In 1939 data on strains 34753 
and Olson 68 were not obtained, owing to an accident ; so those on var. 
brasilia No. 23 and Olson 68A, two similar types, w^ere substituted for 
comparison with hybrids grown that year. 


Table 5. — Total weight of leaves, percentage of nicotine, and estimated potential 
yield of nicotine per acre from Fi and F% bagged plants of Nicotiana rustica hybrids 


(Generation 

Family i 
No.‘ 

Num- 
ber of 
individ- 

Total weight of 
leaves 

1 Nicotine, air-dry 

1 basis 1 

Estimated poten- 
1 tial yield of nieo- 
1 tine per acre 


1 

uals 

.Average 

Highest 

Average 

Highest 

Average 

Hight‘8t 

Fi 

ig 

2 

Grams 

87.7 

Grams 

119.1 

Percent 

2.51 

Percent 

3.68 

Pounds 
\ 49.8 j 

Pounds 

85.0 

4 

91.9 

106.2 

2.27 

3.46 

40.0 1 

59 9 


i 37196 

12 

98.0 

120.8 

3. 19 

4 20 

61 5 

86.3 


1 37197 

24 

103.2 

132.2 

3. 11 

4 22 

63.2 

108.2 

Fj 

1 38206 

10 

95.7 

125.2 

3.64 

4.99 

66.5 

104.3 


1 37198 

16 

96.8 

143 6 

! ^ 2.85 

4.56 

65. 6 

127.0 


1 38222 

15 

101 2 

143.5 

3. 65 

5.57 

72 0 

119.7 

1 


1 See table 1 tor dasignstion of p»arent.s for each family. 


Fi’s between strain 34753 and tall type (table 5) weighed about the 
same as strain 34753, the heavier parent. Best second-generation 
plants from the same cross .were slightly heaver on an average than 
the Fi’s and were outstanding in ^at the maximum weights were 
higher than in the parents or F,’s. This same result was obtained 
when germ plasm from Olson 68 was introduced (38222). 

Plants in the new lines >had the highest individual and average 
weights recorded during the experiments (tables 3 and 6). The dried 
leaf material alone, of the best plant in line 3, weighed 163 gm., 
which was the maximum weight obtained. 

The best Fs X Fs family, 39300, as judged by characteristics in 4^e 
field, also had higher weights of leaf material than did any other 
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family grown that year. Loaves of the heaviest plant, No. 4 (fig. 2, ( 7 ), 
weighed 145 gm., which comparcHl favorably with the weight of the 
plants grown during b(*tter seasons. 


Table 6. — Total weight of leaves y percentage of nicotine y and estimated potential 
yield of nicotine per acre in bagged plants of best families in the new lines of 
NicoUana rustica 


Line No. 


Line 1 . . 

Line 2. 

Line 3 - 

Line t 

Line 3 X line 1 
J.lne 2 X line 1 


P’aniily 

Nuili- 

1 

i Total weight of 

1 

’ Nicotine, air-dry 

V.OC1C 

E.stimated poten* 
tial yield of nico- 

her of 


1 % L- 

1 wu, 

1 

tine per acre 

No 

individ- 








iials 

Average 

1 Highest 

i 

Averagt* 

Highest 

Average j 

Highest 



Grams 

Gravis 

Percent 

Percent 

Pounds 

Pounds 

r 382(18 

18 

110 3 

138 5 

3 30 

4 61 

74 2 

120 0 

1 39293 

3 

9(> 8 

124 0 

4 .59 

5 12 

87 6 

116 9 

r 3924.*) 

4 

10.5. 0 

129 3 

4 71 

4. Oil 

94 0 

i 102. 7 

[ 39278 

10 

81.8 

112. .5 

3 89 

4. 75 

00 7 

1 82.9 

f 38219 

11 

123.6 

163.0 

3.56 

4 45 ! 

86 3 

140,7 

1 39291 

ti 

84.9 

107 0 

5.97 

6 80 ! 

98 8 

141.2 

f 39271 


77.9 1 

88 0 

.5.26 

6 07 i 

81.0 

103.6 

1 39292 

3 

86 1 

9.5 4 

4 99 

5.81 

82 9 

97.6 

3929fj 

4 

95 3 

112.4 

4. 10 

5 ;k) 

76.9 

11.5.6 

39:iou ; 

14 

104 6 

145.0 

5.29 

6 51 

108 4 

175 0 


PERCENTAGE OF NICOTINE 

JVreonta^jo of iiiootiiu*, like size of plant, is affected by the environ- 
ment, so lliatr pronounced yearly Huct nations occurred even in the 
homozygous parent straitis. 

Topping has a major influence on building up nicotine, and, from 
records over a 5-year period, it was found that topped plants had, on an 
avt'rage, an absolute* increase of about 2.5 percent alkaloid as com- 
pared w'ith bagged ones. An increase of 2 percent would be a conserva- 
tive <‘stimate of the ofh'ct of topping; this value conesponds close'ly 
to results obtained in New York State for 1924 and 1925.^ Since all 
eleterminations in tables 4, 5, and (> were made on bagged plants, 
approximately 2 percent should In* added in order to estimate their 
potential cor)tent. 

There was no marked gain or loss in percentage of nicotine from 
the higher parent to selected plants of the Fa generation (table 5). 
Addition of Olson 68 in crosses caused an increase in nicotine produc- 
tion in both the Fj and later generations. 

The new lines were somewhat lower in })ercentage of nicotine than 
the parental types 34753 and Olson 68, but owing to their larger size 
some plants in most families were higher in yield of nicotine than the 
parents (table 6). 

YIELD OF NICOTINE 

Yield of nicotine per plant is the product of the weight and the 
percentage of nicotine. It was considered advisable to multiply this 
figure by the number of plants per acre, w'hich would not change the 
relative' individual values, and yet would provide some basis for 
estimating whether or not the increases were sufficiently great to be of 
possible economic importance. 


< COLLLSON, K. C., Harlak, J. D., and Streeter, L. R. maii-NicoxiNE tobacco. N. Y. State Agr. 
Expt. Sta. Bui. m2y 19 pp. 1929. 
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For bagged plants of the best parent strain during the years of the 
experiment an estimated maximum yield of about 94 pounds of nicotine 
per acre and an average of 75 were obtained (38179 in table 4). 

The new lines contained bagged individuals with estimated yields 
as high as 141 pounds, and the averc^e in a number of families was 
higher than in the parents (table 6 ). Fourteen selected bagged plants 
of the best Fs X F 5 family had an estimated maximum potential yield 
of 175 pounds of nicotine and an average of 108 pounds, obviously 
significant increases over tlie origuial varieties. 

When the effect of topping and the yield from stalks are included, 
the potential values are still higher (see table 3, last column). 

DISCUSSION 

GENETIC CONSIDERATIONS 

Increased height in intervarietal hybrids of Nicotiana rustim was 
reported by East ® in crosses between the varieties hrasilia, texarta, 
scabra^ and humUis. From the data obtained he concliuled that 
reciprocal were very similar to each other and that the parent 
varieties differed by many genes for size. Hybrid vigor in fii’st-genera- 
tion plants from crosses between certain strains of Nuotimm rusiica, 
but not others, was reported by Bolsunov ® in Russia. 

The Fi described in these experiments was not larger than the 
parents, though other Nicotiana rmtiaa crosses, less promising for 
nicotine production, did show typical hybrid vigor. The data reported 
present difficulties for genetic analysis, but certain general conclusions 
regarding the genetic basis for the results obtained appear tenable. 

In crosses between strain 34753 and tall type it was found that the 
Fi was almost as tall as the taller parent; the P ^2 coutaine.d some plants 
that were taller than the parents or P' 1 ; and in the F 4 , families with 
significantly different mean heights were produced, one of which was 
significantly taller than ' tall type. These results, combined with 
observations on the backcrosses, were interpreted to mean that the 
parents differed by partially dominant genes for increasing height, 
most of which were from tall type. Some were contributed by strain 
34753; so by genic recombination segregants and subsequent families 
were produced that exceeded the taller parent in height. 

Ill crosses between strain 34753 and tall type it was found that the 
F] had fewer leaves than either parent. Tlie F 2 generation did not 
differ significantly from the Fi in average number of leaves and 
contained segregants that were equal, but no better, in leaf number 
than the original types. Backcrosses of the Fi to each parent had 
significantly higher means for leaf number than the F^. F 4 families 
with significantly different means occurred. Two P^’s and one P'b had 
a significantly higher average number of leaves than the better parent. 

It was concluded that increase in leaf number in these selections 
was controlled by genes,. recessive in their action, some of which were 
contributed by each parent. 

Tall type and strain 34753 do not differ significantly in length or 
width of the largest leaf. The Fi was significantly larger according 
to 1938 results. The F 2 and first backcross generation showed a 

« East, E. M. a study ok partial sterility in certain ittriuds. Genetics 6: [311]-^$, Ulus. 1921. 

« Bolsunov, 1. 1, contribution to the study of hybrid vigour in nicotiana rustica l. hi dynamics 
OF HYBRID GROWTH. Vsesoluzu. Nauch. Issled. Inst. Tabacb. i Makhor. Promysh. [Krasnodar] [Bul.J 
130: [44]>57, illus. 1939. (In Russian. English summary, pp. 66-67.] 
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slightly iiicroast'd variability ovor tlu* F,. Loaves of the backcross to 
strain 34753 wore ospt'cially largo. F 4 families wore obtained tliat liad 
signifieantly larger leavt's than either parttnt. It was concluded that, 
although strain 34753 and tall type had approximately the same size 
largest leaf, the genes (controlling this characteristic differed in the 
two types. 

There was evidence that the geiu's controlling the inheritance' of 
plant height, number of leaves, and size of the largest leaf were to 
some ('xt ent ind('pendent, an important factor in recombining desirable 
traits into n(*w strains. The genotype of Olson 68 apparently con- 
tains more genes for increasing plant height than strain 34753 ; it can 
add to the numb('r of leav(*s in certain genic combinations, and in no 
S('leetions studied did the addition of Olson 68 cause a significant 
difference in leaf size. 

In table 7, the frequency distributions of measurements on plant 
height, number of leavc'S, and h'ngth of the largi'st h'af are arranged 
for 34753, tall type, F,, F, X 34753, Ix'st F 4 , and best F., X F,.. The 
familic's involve only strain 34753 and tall type, with the exception of 
the b(' 8 t F., X F. 5 , which contains germ plasm from Olson 68 as well as 
from the other two parents. Table 7 shows thi' variability in the 
familit's eonceriu'd and giv(*s some idea of the effect of hybridization 
and of seh'ction on the characteristics mc'asured. 


''J'ablk 7. — Frequency distribuHona of plant hetghty number of leaves, and length of 
largest leaf for two parent types and selected hybrid families 
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LENGTH OF LARGEST 1 E\F 



Frequency distribution of leaf length in inches 
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There were insufficient data to warrant drawing any conclusions 
regarding the genetic factors controlling nicotine content. It was 
evident, however, that either some genes for nicotine production from 
strain 34753 and Olson (58 were not included in the genotvpes selected 
for the new lines, or else larger plants are not capable of building up 
as high a percentage of nicotine as smaller ones under the same 
conditions. 

ECONOMIC CONSIDERATIONS 

On the basis of prices paid for tobacco sold for byproduct, the returns 
per acre for crops containing 100 to 150 pounds of nicotine would 
compare favorably with the average returns over a period of years 
from culture of at least some types of commercial leaf tobacco. 
Topped plants of the original varieties actually gave such yields under 
the conditions described here, and the production of alkaloid may be 
increased somewhat by allowing the plants to remain longer in the 
field from time of topping to harvest. The costs of culture and of 
nicotine extraction are not definitely known, however, and it has been 
estimated that the profit, if any, from growing the original varieties 
for nicotine would be small. 

The results on best selections in the new lines, to the generation, 
indicate that it may be possible to grow types of Nicotiana rustica 
that yield up to 200 pounds of nicotine per acre under the cultural 
and environmental conditions of these experiments. If the homozygous 
strains now being developed are able to produce as high yields in field 
tests, it should be possible to grow A^. rusiim profitably for the 
nicotine alone. 

The cost of preparing Nicoliana rustica for market would be less 
than for commercial leaf tobacco; but, since it forms suckers more 
abundantly than N, iahacum, more labor would be required for their 
removal. In this connection, Bolsunov^ has recently described an 
unusual variant, resulting from a cross betW(Mm two types of N. 
rustica^ in which the axillary buds were either partially atrophied or 
completely absent and in some cases of wliich the terminal inflorescence 
was also lacking. Seed was obtained from secondary suckers on the 
lower part of the plants, and selection to the F5 generation has pro- 
duced lines which still show the anomaly. This type, if it is as promis- 
ing as described, should be of value, since the cost of topping and 
suckering would be reduced. 


SUMMARY 

New lines of Nicotiana rustica^ developed by hybridization and 
selection, were significantly larger on an average than their tlu*ee 
parental strains, namely, N, rustica var. hrasilia (strain 34753), tall 
type, and Olson 68. 

The characteristics measured were plant height, number of leaves, 
and size of largest leaf. These were controlled by relatively ind^endeut 
genes that could be recombined in advantageous groupings. The best 
parent values were usually not exceeded until new homo^gous com- 
oinations were established in the F2 or later generations. The original 
strains differed by some genes for each character. 


> BOLSUNOV, I, I. [a VALtTABLB HTBRID OF NICOTIANA RUSTICA DSVOID OF INFLORESCENCE AND UPPER 
SUCKERS,] Seisk. { Semen. 2-3: 40-41, illus. 1039. [In Russian.] 
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Further iiicn‘ases in size wove obtained by crossing F 5 selections of 
tlie n(‘W lines tog('th(‘r. The occurrence of some exceptionally large 
segregants suggests that still further increases in the average size will 
be possible. 

Related data on the wedght of dried leaf material and percentage of 
nicotine wen^ reported. Estimated potential yields of nicotine per 
acr(‘ W(‘r(‘ calculated from these figures, and sel(»ctions in the new 
strains, to the Fa generation, were found to be superior to their original 
parents in this respeud-. Th(‘ possible economic importan(*e of the 
improved lines, for use as a sources of nicotine* for insecticidal purposes, 
was discussed. 




SOME FACTORS THAT INFLUENCE THE IMMEDIATE 
EFFECTS OF POLLEN ON BOLL CHARACTERS IN 
COTTON * 

By H. .). F'ijlton - 

Assistant agnmomist. Division of Cotton and Other Fiber C^rops ami Diseases^ 
' liureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In 1931 Harrison rc])ort(‘(l the o(*ciirroiu*t‘ of iniin(Mliatc‘ ofTecls 
of pollrn on six boll (‘liaracters of cotton. As Swindle (7) had defined 
iiu'laxenia as tin* immediate* effect of |)oll(*n on tin* parts of the se(*d 
and fruit lyin^ outside* the embryo and emelos|)erm, Harrison consiele*r(*d 
that e)nly the* charae*le*rs e)f be^ll period, lint h'n^tli, anel seeel fuzzine'ss 
e*xhibite*el rnetaxenia. The elesi^n of the* e*xpe*rimf*nl performe*el by 
Harrison in 1929 was fe)llowe*el by the writer in e*xpe*rime*nls performe'el 
at the Unite‘el State*s Fi(*ld Station, Sacaton, Ariz., in 1934, 1935, and 
1939, e*xce*pt that inbre'el strains of cotton we*re use*el e*xclusiv('ly. 
In the*se* late*r e*xpe*rime*nts the e*fre‘e‘ls e)f thre*e‘ kinds of pothui we*re 
compare*el: Pima Eiryptian fre)m a strain inbre*el 20 years, Acala up- 
lane! from a strain inbrenl 11 ye*ars, anel He)pi fre)m a strain iid)re*d 
12 ye*ars, the*s(* polh'ns having l)e‘e*n use‘el to fertilize* e*masculate'd 
lle)W(*rs e)f Ae*ala of the* same* strain as that whie*h furnished the Acala 
pe)llen. 

I)ifre*re‘nce‘s of smalle*r ma«:nitude* than those reporteel by Harrison, 
l)Ut usually significant, we*re* fe)unel in re*spe*ct te) e*ach of the* five* char- 
ae*t(*rs ele*t(*rmine‘el in the*se' late*r (*xpe'rime*nts Ke*arne‘y G'?) in 1929 
anel Harrise)n (ii) in 1931 re*pe)rte*el tliat be)ll-maturatie)n period was 
aff‘e*e‘1e‘el In the* ameiunt e)f e*xpe)sure to sunlij^ht. The e'xiste*nce e)f 
othe*!' facte)rs that can mask e>r emphasize the e*xj)re*ssion e)f the* imme*- 
eliate* e*ff’e*e*ts e)f j)e)lle*n e)n ce)tton was de*me>nstrate*el by the experi- 
ments re*pe)rte‘el in this paper. The factors re*fe*rre*el to are the* e*fre*e*ls 
e)f (1) variatie)!) in se*asonal conelitions fre)m year to year, (2) varia- 
tie)ns in we*athe*r e)r other (*onelitions on e)r near the day of anthesis, 
(3) individual variatie)n ame)n^ the plants use*el as pistillate* parents, 
and (4) variatie)n in cemelitions afre*e*tin^ the nutrition of the* bolls. 

MATERIALS AND METHODS 

It was se)ught te> determine the effe'cts e)f ])e)llen in bedls ri*sultin<jc 
from two int(*rspe*e*ific cre)ss-pollinations, A X P (f7c,s*.s‘//p/?//a hirsiifutn 
A. X fA barbadense L., Acala X Pima) anel A X H hirsufum 
X hop! Lewton, Acala X Hopi), anel one e*ndopimic cre)ss-pe)lli- 
nation, A X A (f7. himutum X hirsutum, Acala X Acala) in re'spe*ct 
to five* characters e)f the bolls, namely, number e)f seeels, see*d inele*x,^ 
lint ineh'x,® fiber lem^tli, anel boll-maturation perie^d. 

> U(Wive<i for publication March 31, IWl. 

^ The author is indebted to E. eiordoii Smith, assistant scientific aide, Division of ('otton and ejthcr 
Fiber eTops and Diseases, for jjenerous assistance in the field and in the laboratory. 

3 Italic numbers in parentheses refer to Literature Cited, p, 480 

< Seed index is the equivalent of the weight, in grams, of 100 seeds, 

^ Lint index Is the equivalent of the weight, in grams, of the lint removed from 100 seeds. 
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Fifteen Aeala plants were selected as pistillate plants each year, 
and each plant n'ceived the 3 cross-pollinations in rotation as flowers 
appeared throughout the pollinating season. Fifty undamaged bolls 
of each cross-pollination were obtained in 1934 and in 1936, but the 
1935 material was discarded, except for fiber-length determinations 
from undamaged locks, because of the very small number of normal 
bolls obtained before frost. In 1934 the 150 bolls were obtained from 
pollinations made on the 10 days (Saturday and Sunday (‘xc(‘pted) 
between August 15 and August 27. In 1936 they were obtain(»d 
from pollinations made on 18 days betweem August 1 arid August 27. 

INTERRELATIONSHIPS OF BOLL CHARACTERS STUDIED 

Table 1 gives the set of coefficients of correlation for the* 5 boll (*har- 
acters consielered in this stuely. The ‘Within seasons^’ value of r is 
used in order to have^ a figure that would most nearly e*orrespond to 
one that could be e*xpe'cl<e*d if all 300 bolls hael be»en grown in one* 
year. Number of seeds per boll is ne'gativedy corre*late*el with seed 
index, with lint index, anel with fiber length. The fact that fewe*r 
seeds per boll rt'sulted in heavier seM*ds with more* abunelant and 
longer lint indicates that a nutritional fae*tor is involve*el. Assuming 
that a deffinite quantity of plant food is furnishe*d (*ach boll, it is a 
logical assumption that a fe*w seeds utilizing this food would gre)w 
larger and produce more* and longe^r lint than if the same* amount e)f 
food we*re utilized by a large*r number of seeeis. 

Table 1. — Within seasons** value of the correlation coefficients of character's 
determined on 800 bolls of cotton grown on Aeala plants in 1984 oar/ in 1986 as a 
result of cross-pollinations A X Pf A X Af and A X II 


Correlation wilh - 


Charach^r and population ‘ 

t 





Seed index 

Lint index 

Fiber 

length 

j 

1 Boll period 

Sml.s iK‘r boll' 





A.** one array .. _ , . - 

-0.6899 

-0 349*1 

-0 3223 

-0. IKKll 

A X P - . 

- 6499 

-.2424 

- .3055 

+.0680 

A X A 

- 8290 

- 434fi 

- 3.Vyl 

+ 117.5 

A XH -- - 

- 6764 

- 264*1 

- 3377 

- 056,3 

Svod index. 





As one array . - 


■f .3741 

1 +. 5491 

-. 1,54H 

AXP . - . 


+..5356 

1 + 7117 

-.2771 

A X A. .. 


-.0088 

i +..3608 

- 2200 

A X H 


+. 344.5 

+ 5210 

-.0820 

Lint index: 




As one array- 



+ 1834 

+. 1067 

AXP - 




+ 4243 

+. 0374 

A X A . - . . . 



+. 0704 

+ 1173 

A X H . . - 



-.0257 

+ 1195 

Fiber length; 




As one array ■ 




— . 1745 

AXP - -- 




-.2;i97 

A X A .. 

AXH 






-. 1348 
-. 1*170 



1 1 


> In “As one array,’' where iV»300, should be =b0.148 at P-0.01; in the Individual cros.s-i)olJlnations, 
where iV»100, r should be :i;0.264 at P*0.01 (8), AT-number of observations. 


The correlation coeflRicients of seed index with lint index show that, 
with the exception of cross-pollination A X A, heavy seeds are asso- 
ciated with abundant fiber. All three cross-pollinations produced 
longer fiber on heavier seeds than on light seeds. The negative cor- 
relation of seed index with boll period in cross-pollination A X P 
and A X A shows that as a rule heavier seeds mature faster than 
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on(‘S. The lack of com^lation of seed index with lint index in 
cross-pollination A X A and tin* (*xist(‘nce of a corndation of seed 
iiuh'x with boll period when tluTt' was no corrtdation of numlx'r of 
set'ds p(T boll with boll period indicate that In^terosis is also involv(‘d. 
Th(' lu^avy stxxls in cross-pollinations A X P and A X H are af)par- 
(nitly larger and havt' a more (extensive surface from which to develop 
fibers. Th(» lack of corndation of setxl index with boll period in tlie 
material from cross-pollination A X H, although such a correlation 
r(‘sulted in cross-polliTiations A X P and A X A, demonstrates th(‘- 
difficulty of segn^gating the eflVcts of het<‘rosis from those of nutrition. 

As Pope {Jf, pp. 7J^Ji 747) has shown a relatively uniform weight 
per unit length of fiber in the Acala group, the increased weight of 
fibers on the In^avy sei‘ds might be dm* in f)art to tlie increased length. 
However, only cross-pollination A X P show(*d a significant positive 
correlation of lint imh'X with fib(*r length. 

In th(* three populations as one array, tin* negative correlation of 
fiber length with boll period shows that the factors that promote* the 
developmt*nt of long fib(*rs tend to hast(*n maturity, adding another 
indication that nutrition is a factor involved in these results. 

The use of inbred strains of cotton to (*liminate significant variation 
among plant means was only partly successful. Table 2 shows that 
for (*ach of tin* five* charact(*rs the difr('renc(*s b(*tween means of tin* 
pistillate plants rec(*iving all cross-pollinations rang(*d from zero to a 
maximum greater than the* maximum diflerence b(*tween the means 
of tlu* populations receiving the* several cross-pollinations. A record 
of the staminate parents was made in 19^10. Th(‘re was no significant 
diirerenci* in number of se(*ds per boll among means of staminate 
plants furnishing pollen for any of the* three* cross-pollinations. In 
view of the* liighly signifi<*ant corndation of this character with s(*ed 
imlex, with lint ind(*x, and with fiber length, it was assumed that a 
uniform supply of polh*n had been used for each cross-pollination. 
The small numb(*r of staminate plants involved, five of Pima, four of 
Acala, and two of Hopi, undoubtedly reduced the opportunity for 
wide variation among tlu*ir ni(*ans. 

Tablk 2. — Range of differencea and average of differences anwng means of cross^- 
pollinations^ between means of seasons^ among means of day of anihesis unthin 
seasons^ and among means oj ptsHllate plants mthin seasons for each of the 5 
characters determined on SOO bolls of cotton produced by Acala plants in 1934 and 
in 1986 as a result of pollination untk Pima^ Acala^ and Hopi pollens 








Charaeter 
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EFFECTS OF CROSS-POLLINATIONS 

In the comparison of means of cross-pollinations shown in table 3, 
the (liflFercnccs betwe(*n cross-pollinations A X P and A X A arc 
significant in respect to all five charactera. The use of Pima pollen 
on Acala plants, in comparison with the use of Acala pollen on the 
same plants, icduced the number of seeds per boll, increased the 
weight of the see<ls, increased the amount of lint on the seeds, length- 
ened the fibers, and required a longer tim(^ to mature the bolls. 

llopi poIl(‘n, as shown in the comparison of cross-pollinations A X H 
and A X A, increased sipiificantly the number of seeds per boll and 
the fiber length. The differences betweim means of seed index, lint 
index, and boll period were not significant. The increased fiber 
length in cross-pollination A X H was the reverse of the results 
obtained by Harrison { 2 ). As he used the same strain of Hopi as 
that used in the experiments reported in this paper, the consistent 
increase in length obtained in 1934, 1935, and 1936 was une.\pected. 
This apparent reversal of the effects of Hopi pollen on fiber lengtli will 
be discussed further in the section on effects of speidfic pistillati* plants. 

When cross-pollinations A X P and A X H are compari'd, sig- 
nificant differences between means of all charact(>rs exci'pt fiber 
length are shown. Ch’oss-pollinat ion A X P yielded fewi'r s(*eds per 
boll than ci’oss-pollination A X H and gave largi'r mi'ans for seed 
index, lint index, and boll p<‘riod. 
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FACTORS THAT MODIFY THE IMMEDIATE EFFECTS OF POLLEN 
VARIATIONS IN SEASONAL CONDITIONS FROM YEAR TO YEAR 

Tablc» 2 shows that the difference between the means of seasons in 
number of sec'ds per boll is smaller than the minimum difference 
betwecm means of cross-pollinations. In seed index and in lint index 
the diffennie.e between means of seasons approximates the average 
of the three differences among means of cross-pollinations. Jn fiber 
length and in boll period the difference betwn'en means of seasons is 
approximately three times the maximum difference between means 
of cross-pollinations. 

The influence of season in modifying or changing the effects of 
different pollens is best illustrated in sei'd index, where cross-pollina- 
tion and season interaction exists (see table 4). The difference of 0.77 
pm. betw('en m('ans of seasons shown in table 2 represents an increase 
m 1936 equal to 6.7 percent of the 1934 mean of all cross-pollinations 
as one array. Tlie increase in cross-pollination A X P was 3.8 percent 
of its 1934 mean, that in cross-pollination A X A was 10.4 percent 
of its 1934 mean, and that in cross-pollination A X 11 was 6.2 percent 
of its 1934 mean. By extending these experiments over two seasons, 
the magnitude of the differences among nn^ans of cross-pollinations 
in seed index is smaller than would have been the case if only the 
results of 1934 had been used. 

Table 4. — Level of significance of differences among means of factors affecting holt 
characters of cotton as shown by analyses of variance of ICi) bolls eadh of S cross- 
pollinations grown in 1934 in 1936 {group A)^ and of 15 bolls of each of 3 
cross-pollinations y 3 bolls of each cross-pollination with 29, with 30, with 31, with 
S3, and with 35 seeds per boll, grown in 1936 (group B) 


It«ms « 

Differences amon^ means of factors affecting charact«*rs 
indicuted 

Number 
of seeds 

Seed index 

Lint index 

IJpIJer 
quartile 
fibcir length 

Boll iH'rKrtl 

Group A* 

Cro8S‘(K)llinations .... 

<0.01 

<0 01 

<0. 01 

>0. 05 

0 05 

Seasons . 

<01 

<.01 

<01 

> 05 

<.0l 

Day of anthesis 

<.01 


< 01 

< 01 

<.01 

Pistillate plants 

05 

0.0,^. 01 

0.0^. 01 I 

> 05 

>.05 

Bolls with many and few seeds. . 

<.01 

<01 

.01 

< 01 

>.05 

Interactions: 






Cross-pollinations—st^asons . ... 

>.05 

<01 

> 05 

> 05 

> 05 

Cross-polllnations—day of anthesis . . 

< 01 

< 01 

> 05 

> 05 

>.05 

Cross-pollinations— pistillaU' plants. . 

>.05 

<01 

>.05 

.06-. 01 

.0^.01 

Cross-()oliinations— many and few 






seeds 

<.01 

.05 

.05 

>.06 

>.05 

Seasons— many and few seeds . ... 

.01 

<01 

>.05 

<01 

>.06 

Cross-pollinations — seasons — many 






and few seeds 

<.01 

<01 

>.05 


>.06 

Gro^ B: 

Cross-pollinations 


>.05 

>.05 

>.06 

>.06 

S^ds per boll 


>.05 

>.05 

>.05 

>.05 

Interaction: 






Cross-pollinations— sw^ds per bolL. . . 

1 , 

1 

>.05 

>.05 

>.05 

> 05 


VARIATIONS IN WEATHER OR OTHER CONDITIONS ON OR NEAR THE DAY OF ‘ 

ANTHESIS 

The average and maximum differences among means of day of 
anthesis, shown in table 2, seem large when the short priods of time 
during which pollinations were made arc considered. In all five 
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cbamctors tlio inaxiinum (lifferonco botwoen moans of day of antlu^sis 
in oacli stuison was larg(T than the* maximum difforonoo botwoiui moans 
of cross-pollinations. Somo woathor phonoiiKuia of tho day of an- 
tlu^sis, or of th(‘ days proci^din^ or following it, aro pnvsumod to havo 
contributod to tb(‘S(‘ (‘flocts; or tboro may have boon a cumulativo 
<‘ff(‘ct of somo phcuionuuia opt'rating over a jxuiod of s(*voral days 
procoding, or possibly following, tho day of anthosis. t'nsuccossful 
attompts W('ro mad(‘ to corr(‘lat(‘ tho mimb(»r of s(*ods por boll with 
maximum, with minimum, and with avorago tomporaturos, and with 
tho avorago rolativi^ humidity porc(uitag(» of tho day of anth(‘sis. 
Tlu'ro was a slight indication that number of soods por boll and ovapora- 
tion from an open tank 5 daj"s after antht»sis might bo negatively 
correlated, but th(' value of r was far from significant. A study of 
tho av(U’ag(‘ yields of Aimuican-Egyptian cotton in Arizona showed 
a negative* correlation of yields with duly and August (*vaj)oratioii 
from an op(*n tank at Sacaton (1). 

The* importan(‘<* of tho ofb^cts of day of anthosis on number of s(*(*ds 
p(*r boll in this study can be* illustrate*d by e*xample*s of cims-pollina- 
tion and dav of anthe'sis interaction, or tho diffore*ntial response of 
tho thre*o pollens to tho cemditions of the* day, or of days near tho day, 
on which tho creisse's wore made*. On days 4 and 5 in 1934 (August 
18 anel 21) tho moan numbers of se*e*ds por boll were 23.0 and 29.0 re- 
spe‘ctivoly, a difToronce* of O.fi se*e*ds. This difference* of fi.fi sooels por 
boll was elue* to tho fact that cross-pe)llination A X P yiolde*d on tho 
ave*rago 13.2 more se*ods pe*r boll on day 5 than on elay 4; cre^ss- 
pollination A X A re»spon(ioel with an avorago of 11.6 more* se‘ods per 
noil; but cross-pe)llination A X H gave an incre^ase* of only 1.6 se*ods 
por boll. Thus, although the (*onditions on day 5, in (‘omparison 
with elay 4, we»ro advantag(*ous to all throe kinels of pollen, cross- 
y)ollinations A X P and A X A rosponelod to a much greater extent 
than cross-pollinatie)n A X H. If conditions similar to those of 
day 5 haei oxiste*d throughout the entire pollination period, tho moans 
for tho sove*ral cross-pollinations at tho end of the* season would havo 
boon gr(*atly change*d. In 1936 tho moan numbe*rs of soods per boll 
on days 14 and 15 (August 22 and 23) were 32.2 and 28.2 r(*spe*ctive*ly, 
an avorago difference* of 4.0 soe*ds por boll, (^ross-pollination A X P 
gave* an avorago of 5.4 fe^wor se'ods on day 15 than on day 14, and 
cross-pollination A X A showed an avorago docroaso of 7.7 soods por 
boll; nut cross-pollination A X H averaged 1.0 seed more* i)or boll 
on day 15 than on day 14. If tho conditions that existed on dav 15 
in 1936 had prodominat(*d throughout tho entires pollination period, 
cross-pollinations A X H would have had a decided advantage over 
cross-pollinations A X P and A X A in numbe»r of soe*ds per boll. 

Tho effect of day of anthe*sis on seed index showed day 5 in 1934 
with a de'croase in seed index from day 4 of 0.43 gm. for cross-pollina- 
tion A X A, of 1.57 gm. for cross-pollination A X H, and o{ 3.58 gm. 
for cross-pollination A X P. In 1936 day 15 showed an incretiso in 
seed index over day 14, cross-pollination A X H increasing only 0.10 
ffm., and cross-pollination A X P only 0.15 gm,, but the moan seed 
index of cross-pollination A X A was increased by 1 .37 gm. Cross- 
pollination and day of anthosis int^^raction is not significant in the 
three remaining characters. 
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VARIATION AMONG PLANTS USED AS PISTILLATE PARENTS 

Differences among the means of pistillate plants were above the 
5 percent level of significance in fiber length and in boll period, and 
on the 5-perc('nt or between the 5-percent and 1-percent level in 
number of seeds per boll, in seed index, and in lint index (table 4). 
However, the differences in fiber length among the means of pistillate 
plants provides an explanation of the unexpected lengthening effects 
of cross-polhnation A X H in this character and will be used to illus- 
trate these effects. 

Two plants of each season were selected at random for this purpos(\ 
These are plants 5 and 9 of 1934 and plants 7 and 8 of 1936. In 
1 934 th(» averages upper (piartilc fiber lengths of plants 5 and 9 were 
0.98 and 1.00 inch respectively, plant 9 having bolls with fiber 0.02 
inch longer than plant 5. Cross-pollinations A X A and A X H 
both gave fibers averaging 0.01 inch longer on plant 9 than on plant 
5, whiles fibers of cross-pollination A X P were 0.06 inch longer on 
plant 9. In 1936 there was no difference between the means of 
plants 7 and 8 for bolls of cross-pollinations A X A and A X H, the 
small difference of cross-pollination A X P being only 0.002 inch in 
favor of plant 7. 

An examination of plant means of the 1934 material showed that 1 
plant did not produce bolls of both cross-pollinations A X A and 
A X H, and of the remaining 14 plants, 5 had means of cross-pollina- 
tion A X H smaller than thos(‘ of cross-i)ollination A X A. In 
1936, 2 of the pistillate plants did not have bolls of both of these 
cross-pollinations, 1 plant had the same mean for both, 6 plants had 
m(»ans of cross-pollination A X A exceeding those of cross-pollina- 
tion A X H, and there were 6 plants in which cross-pollination A X H 
exceeded cross-pollination A X A in liber length. Th(‘ diffenuices on 
the 6 plants wh(»rc the fibers of cross-pollination A X H w^(*re longer 
than those of cross-pollination A X A were large* enough to mask 
(Uitindy the* effects showm on the other 6 plants wh(*re the* differ(»nc<'s 
were reversed. 

Designating Harrison’s (2) cross-pollination Durango X Durango 
as D X D, and his cross-pollination Durango X Hopi as D X H, 
where he used 25 Durango plants as pistillates in 1929, an examina- 
tion of his original records shows that 13 of the 25 plants gave* me*ans 
for fiber length that were high(*r in D X H than in D X D. These 
include 50 of the D X H bolls, with a mean of 4.90 grades, and 52 
of the D X D bolls, with a mean of 4.78 graelc*s. The* differe'iice of 
0.12 grade is equivalent to a lengthening effe'ct of Hopi pollen of 
0.015 inch. On the other 12 pistillate plants the 50 D X H bolls 
had a mean fiber length of 4.36 grades and the 48 D X D bolls a 
mean of 4.84 grades. The difference of 0.48 grade, or 0.06 inch, was 
sufficiently large to mask the lengthening effect of the Hopi pollen 
exhibited by the other 13 plants. 

Pressley (6, pp. 272-273) also demonstratcHi an influence of indi- 
vidual differences in pistillate plants upon the effects of different 
pollens, his unit of comparison being a pair of seeds from near the 
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ccMiter of a lock, on<‘ sclfcd the other a hybrid.® Thus his selfed and 
hybrid seeds had a maximum of uniform conditions for growth and 
dev('lopm(mt. In his comparison of Pima selft'd with Pima-R(*d 
Acala liybrids, tlie mc^an fiber length of the selh^d seeds on plant 7 
was 9/128 inch longer than those on plant 2, while the hybrid seeds 
of these pairs averag(‘d 19/128 inch longcu* on plant 7 than on plant 2. 

These examples of the effects of differences in individual pistillate 
plants as to fiber length show that effects of the pollen used may be 
modified or com])l(‘t<*ly rev(a*sed by the selection of the pistillat(' 
plants used in th(‘ experiment. 

VARIATION IN (X)NniTIONS AFFECTING NUTRITION 

The correlations (existing in the material used in these experiments, 
especially those of number of seeds p(*r boll with seed imh'x, with 
lint index, and with fiber length, indicate that nutrition was a factor 
affecting th(' expr(‘ssion of these characters. In 1929 Kearney (5) 
n‘ported that the removal of the inv^olucre of Pima cotton at the* 
•tim(‘ of anthesis caus(‘d a mark(*d reduction in the size and weight 
of the boll, in th(‘ w(*ight of set'ds, and in tin* abundance of lint. 
Wluui the involuert' was removed about 12 days before antlu^sis, the 
same was tnu* and then* was also a reduction in tin* number of seeds 
in th(* boll, presumably due to the undernutrition and resulting steril- 
ity of some of the ovules. In order to obtain the significant differ- 
eiK'cs that Kearney found, it must be assumed that the Pima cotton 
plant furnishes food to th<* individual boll within a limited range; 
oth(*rwise the effect of removing the involucre from the bolls would 
have been masked by the bolls receiving additional food from the 
unlimited central supply of the plant. 

In tabh* 5 the 1984 and 1986 material has lieen rt*grouped into 
classes of bolls with ‘^many s(*(*ds'^ and with ‘‘few seeds.^’ Table 6 
gives tlx* rang(» of the number of seeds in (»ach of these two classes. 
\Vlx»n the mat(*rial from the thnn* cross-pollinations is taken as one 
array, highly significant differences are shown between the means 
of bolls with relatively few and relatively many seeds inthecharact(*i*s, 
seed index, lint index, and fiber length. In cross-pollinations A X P 
and A X A significant differences between means for bolls with few 
and with many se(*ds an* shown only in seed index and in fiber length. 
In cross-pollination A X II the only significant difference was in seed 
iixh'x. These data clearly show that a reduction in the number of 
seeds p(*r boll results in heavier seeds that have longer and possibly 
more abundant lint. Porter (5), working with 10 varieties or strains 
of upland cotton grown at Greenville, Tex., in the years 1981, 1982, 
and 1988, found that number of see<ls per lock was negatively cor- 
related with fiber l(»ngth. This is another illustration of a reduc- 
tion in number of seeds resulting in longer lint. 

• rressk''y appHcd millen of 2 varloties of cotton to the stigmas of his nistiliate plants. From the resulting 
bolls he worked up data on a large number of pairs of seeds, each pair from near the wmter of an individual 
lock. The ne.xt .season these jtetids were grown to determine their male parentage, and only data from 
those pairs that consisted of l stdf-fertilized seed and 1 er<»ss-pollinatcd stH»d were used in reporting 
his experiment. 
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Table 6. — Comparison of the means * of boUs with "few” seeds and of bolls with 
"many” seeds for each of the 5 characters determined on the 100 boUs of each cross- 
pollination grown on Acala plants in 19S4 and 1936 


Means compared 

BoUs 

Seeds per 
boll 

Se<‘d 

index 

Lint 

index 

Upper quartile 
fiber length 

Boll 

period 

All cross-i>olllnations com- 
bined: 

Number 

Number 

Oramg 

i 

Oramg 

Inches 

Day^ 

Bolls with few set^ds. . 

IM 

24 5 

12.60 

6.59 

1.035 

.57 4 

Bolls with many steeds. 

14A j 

32 8 

11.54 

6.39 

1.009 

58.0 

Difference 


~8.3±. 41 

1. 12=fc. 125 

.20db 071 

.026d;.00S7 

-.6db0 60 

t 


20.24 

8.96 

2.82 

4.56 

1.00 

Cross-pollination A X P. 







Bolls with few seeds 

54 

21.1 

13.46 

6 79 

1,041 

57.5 

Bolls with many seeds 

4G 

80.8 

11.96 

6.59 

1.013 

59.1 

Difference 


~9.7±.72 

l.S0=t. 217 

.20:ir. 123 

.028=fc.0098 

~1.6:fcl.04 

t 

----- 

13.47 

6.91 

1.63 

2.86 

1.54 

C^ross-poUlnation A X A: 







Bolls with few seeds 

47 

24.4 

12.39 

6.42 

1.028 

57.0 

Bolls with many seeds. 

53 

32.7 

11.35 

6.31 

1.000 

58.1 

Difference 


-8.3i:.72 

1.04=b 217 

.ll=k.l23 

.028=t.0098 

-1.1±1.04 

t 


11.53 

4.79 

.89 

2 86 

1 06 

Cross-pollination A X H: 







Bolls with few stH^ds 

53 

28.1 

12.08 

6.52 

1.035 

57.7 

Bolls with many seeds. 

47 

34.9 

11.34 

6.28 

1.015 

56.9 

Difference ... . 


-« 8db.72 

.74db.217 

2i±. 123 

.020=k 0098 

.S±\ 04 

‘ 


9.44 

3.41 

1.95 

20 4 

.77 


> See Wallaoe and Snedecor (8, pp. StSt) for a table of f valuee. 


Table 6. — Range in number of seeds per boll in "many-few” classification given 

in table 6 


Cross-pollination 

< 

Bolls produc‘ed in 

1 1934 with— 

Few seetis jMany seeds 

Bolls produced in 

1936 with— 

Few .seeds jMany seeds 

A X P 

9-23 

24-36 

13-28 

29-42 

A X A 

14-28 

29-40 

16-30 

31-36 

A X H - - 

4-31 

32-42 

ie-.32 

33" 38 


If the immediate effect of different pdllens were determined by 
nutrition alone, and if each cross-pollination were represented by an 
equal number of bolls, all having the same number of seeds per boll, 
there would be no differences among means of cross-pollinations. In 
the 1934 material the frequency distribution of number of seeds per 
boll was so irregular that 2 was the maximuni number of bolls 
that would equally represent all three cross-pollinations, and that 
was available in only the class of 29 seeds per boll. In the 1936 
material it was possible to select 3 bolls of each cross-[x>llination 
in each of 5 classes, those of 29, 30, 31, 32, and 35 seeds per boll. 
The means of these 15 bblls from each cross-pollination are com- 
pared in table 7. There are no significant differences among means 
of cross-pollinations in any of the 4 characters, although the differ- 
ence between the mean lint index of cross-pollinations A X H and 
A X A approaches significance. Although the populations are small 
in the comparisons presented in table 7, the effects of seasons and of 
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mimbor of seeds per boll have been eliminated by selection of ma- 
terial. If it w(Te possible to eliminate also the (effects of day of 
anthesis and of variations among individual pistillate plants, th(^ 
importance of nutrition in modifying <dfects of different pollens might 
be more clearly seen. 


Table 7. — Comparison of means^ of 15 bolls of each cross-pollination ^ 3 bolls of 
each with 29 ^ with 50, with 31 ^ with 32 ^ and with 35 seeds per boll, for the 4 
remaining characters determined on bolls grown in 1936 


Cro.ss‘i>ollinHtioii 

Seed index 

Lint index 

Tpper quartile 
fiber lengt h 

Boll period 


Qrams 

Oramn 

Inches 

Days 

AXP 

A X A 

12 .'il 

12 29 

6 71 

6.30 

1.039 
i 1 03:i 

69.5 
,59 5 


Difference 

.22:t.267 

.4]=t 228 

.006dt.0133 

0±2 25 

f.. . .... - ... 

82 

1 80 

4.5 i 

i 


A X H 

12 2.3 

6 77 

1 040 1 

58 6 

X A. 

12 29 

6 .30 

1 033 

.59 6 

Difference .. 

~ 0fid:.267 

47d: 228 

007rt 0133 

i - 9zt2 26 

/... 

22 

2 (K) 

, ,5.3 

1 40 

AXP 

12 51 

6.71 

1 039 i 

! 59 5 

A X H j 

12 23 

6 77 

1 040 1 

1 58 6 

Difference 

2S± 267 

- OOzfc 228 1 

- 001± 0133 i 

! 9±2 25 

L... 

1.05 

26 

1 1 

i ’ 

.40 


» See Wallace and Sfjedecor {S, pp for a table oft value.<« 


The diftVnuices b(»tw(»(‘n the m<‘ans of cross-pollinations A X P 
and A X A, and a study of the correlations existing among the char- 
acters in each of tluvsc* cross-pollinations, indicate that nutrition, as 
(h'termiiKHl by a difft'rential in ability of the two pollens to effect 
fertilization of tlu' ovuh's, is a primary factor in dt'termining the 
imnu'diate tdfcTt of pollen. There is a possibility that physical crowd- 
ing, inst(»ad of nutrition, may be the primary effect of number of 
seeds pcT boll. HowevtT, the correlations existing in cross-pollina- 
tion A X H and a comparison of the differences between the means of 
A X H and A X A with the differences between the means of A X P 
and A X A indicate that nutrition exerts a greater inffuence than 
physical crowding. When the means of cross-pollination A X H 
are compared with thos<' of cross-pollinations A X A or A X P, 
the presence of factors other than nutrition be^comes evidcuit. The 
effects of seasons, of day of anthesis, of individual pistillate plants, 
and of nutrition are all intermingled in their modification of immediate 
effects of pollen, so that it is impossible to rank tliem in tin* order of 
their importance. 

SUMMARY 

Strains of cotton inbred from 11 to 20 years or more were used to 
test the immediate effects of pollen on boll characters. Emasculated 
flowers of Acala cotton were pollinated with (1) Pima pollen, (2) 
Acala pollen, and (3) Hopi pollen, the Acala pollen having been 
taken from plants of the same inbred strain that comprised the pistil- 
late plants receiving all three cross-pollinations. Significant differ- 
ences among means for the several cross-pollinations wH're obtained 
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in number of seeds per boll, in seed index, in lint index, in fiber length, 
and in boll-maturation period. 

It is shown that effects upon the expression of these charactei*s by 
differences betwe(ui (1) different years, (2) different days of an thesis 
in the same year, and (3) different individual plants used as pistillate 
parents are so great as conceivably to mask completely the effects, 
if any, of different pollens. The difference betvroen means for dif- 
ferent 3 ^ears approximated the average difference between means for 
the several cross-pollinations in all characters except number of seeds 
per boll. In this character the difference, although highly significant, 
was smaller than the minimum difference between means of cross- 
pollinations. In both seasons the maximum difference among means 
for successive days of an thesis and among means for each of the 
individual pistillate plants exceeded the maximum difference among 
means of the several cross-pollinations. 

An assumed nutritional factor was shown to affect the expression of 
seed index, of fiber length, and probably of lint index. This suggests 
that a dilference among the several polhuis in ability to fertilize^ a 
high percentage of the ovules was another factor that determines the 
eff(^cts of cross-pollinations. 

The influence of these various factors, and undoubtedly of othei‘s 
not covered by this study, are so intemiingled that it is impossible 
to rank them in the order of their importance. 
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CHLORATE TOXICITY AND PERSISTENCE IN RELATION 
TO SOIL REACTION ' 

Hy Annie M. HiutD-KAURER 

Associate physiologist^ Division of Cereal Crops and Diseases, liareau of Plant 
Industry, Ignited States Depart merit of Agriculture 

INTRODUCTION 

Th(T(‘ is (‘vi(i(‘iir(‘ from various souires of l(‘ssor toxicity of chlorate 
in alkaline solutions. Thus Offonl and dTchal (/7)‘ n»porl(Hl that 
sodium chlorate was mon^ toxic to Xtidio in acid solutions than in 
luuitral or alkaline' oiu's. They used as tluur criterion of toxicity the 
time' required for the' outward ditl‘usio!^ of 50 perce'nt of th(‘ vacuolar 
chloride, arul found it to b(‘ correlated with tlu' pH value of the' solu- 
tion. At pH 4.S, the* time* requin'd was 58 hours; at pH 5.2, 50 hours; 
at pH 5.8. 81 hours; at pH 0.0, 87 hours; at pH 7.4, 120 hours; and at 
)H 8.2, 125 hours. In airre'crneiit with this relation, Yamasaki {20) 
(Hind that potassium chlorate' was me>st injurienis to wheat anel rice 
se'e'ellings in solutie)ns made' acid and h'ast injurie>us in those maele 
alkaline. Hulbe*rt, Bristol, and Benjamin {10) eliscovere'd that 
sodium chle)rate‘ wilte'd cut plants most rapidly in acid solutions (pH 
0.0 or below), but tlu'V were unable to she)w with certainty that the 
texxicitv of chlorate' sprays was emhance'd by acidificaliem. However, 
otlu'r fie'lel te'sts ( 7, 10) have* pre^veel that chlorate sprays are* most 
effe'ctive* as herbicieh's whe'n made slightly acid. Anel finally Grau (.9) 
founel that the* applie*ation e)f lime* to soil retareleel the killing action of 
chlorate and appare*ntly sonu'what inerrased the length of time the 
chle>rate was e*ffe*clive*. 

The' purpe)se' e)f the pre'sent inve*stigatie>ns was to ele't(*rmine the 
importance e)f soil reaction, first as a factor in the* e'lre'ctivemess of 
sexiiurn chlorate aeleh'el to the soil fe)r we*e*d contre)], and se'conelly as a 
factor in the pe*rsiste*nce* e)f the* chlorate in tre*ate*el soils. 

MATERIAL AND METHODS 

Water-culture t'xpe'riments we're carrie'd e)ut with see'dlings of soy- 
bean (Palmette)), sunflowe^r, and barh'y (Hannche'n) grown in aciel, 
neutral, and alkaline solutions containing magiu'sium sulfate, 
calcium nitrate, ferric citrate, and mono-, di-, and tribasic potassium 
phosphate in such proportions as to buffer the solutions at the desired 
reactions. Acidity was checked colorimetrically every day or every 
other day, and in the first experiments was maintained by frequent 
change of solutions. Later the reaction of the acid cultures was 
adjusted as necessary by adding a little phosphoric acid, and that 
of the alkaline ones by adding sodium hydroxide or a small amount 

• Roct'lved for publication June 28. 1941. 
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of saturated sodium bicarbonate solution. Nitrogen concentrations 
were relatively low, 37 p. p. m., thus enhancing the toxicity of the 
chlorate {8, IS). 

The seedlings were germinated in quartz sand and transferred to 
the nutrient solutions when about 6 cm. high. Relative degrees of 
injury were estimated from leaf symptoms and from degrees of 
stunting. 

Soil experiments with corn (Zea rnays), sorgo (Sorghum mlgare), 
millet (Setaria italica), soybean (Soja max), sunflower (Helianthus 
annuus), and barley (Horaeum vulgare) were carried out with a com- 
posted Keyport clay loam. The greenhouse benches were divided 
oy means of board partitions into plots about 3 feet square (surface 
area 10 square feet) each of which contained about 400 pounds of soil 
(325 pounds on an oven-dry basis). Some of the plots were made 
alkaline (pH 7.5-8.0) by the addition of slaked lime at a rate of 1, or 
in some experiments, 2 pounds, per plot. Others were acidified to 
near pH 5.2 with about 400 cc. of sulfuric acid, much diluted and 
sprinkled on the soil with a watering can. Others were left at the 
natural reaction, always approximately neutral. After the lime or 
sulfuric acid was thoroughly mixed with the entire mass of soil, sodium 
chlorate in solution was similarly well mixed into half of the plots of 
each reaction, the rest being left as controls. Fifteen grams of chlo- 
rate were added to each plot except in the case of the experiment with 
sunflower in table 3, where the quantity was half as much. By 
measuring the water applications througliout the experiments, soli 
moisture was kept fairly uniform and leaching avoided. 

The acidity of the soil was determined at the beginning and (‘nd of 
each experiment. Approximately 100 gm. of soil wen* shaken with 
100 cc. of water in a wide-mouthed bottle and allowed to settle over- 
night, or until the supernatant extract was clear. When the soil was 
unusually wet, the amount of water was reduced to 90, or in extreme 
cases, to 80 cc., so that thb ratio of water to wc'ight of soil was always 
approximately 1 to 1. Fiv(!-cubic-c(*ntimeter samples wer<' carefully 
pipetted from the clear water layer for colorimetric determination of 
pH by means of the Taylor slide coinparator. 

To obtain plants as uniform in size as possible, extra seeds were 
sown and the smaller seedlings discarded soon after germination. 
The same number of plants of a giyen crop was always left in each 
row of the plots to be compared. 

In order to correct for difl’erences in size that might be caused by 
differences in the soil reaction, degrees of chlorate injury are indicated 
in the tables by the magnitude of the so-called growth percentage, i. e., 
the average green weight of the tops of an entire culture or plot ex- 
pressed as a percentage of the corresponding weight for control plants 
m a corresponding culture or plot without chlorate. Relative amounts 
of injuiy were aJ^ apparent from the deface of leaf discoloration, for 
chlorosis and, with severe inj^, necrosis were most severe on the 
smaller, more stunted pldnts. Wherever growth percentages were near 
100, indicating normal size, leaf color was also normm. Absolute 
weights of the control plants are given in the columns to the right in 
each table in order to show the effect of the soil reaction itself. The 
recording of these weights also makes possible calculation of the abso- 
lute weights of the chlorate-injured plants. 
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RESULTS 

CHLORATE TOXICITY IN RELATION TO ACIDITY 

Symptoms of injury by chlorate* were distinct and easily recognized 
on all the crops. C^hlorosis, with brown spots that often became 
necrotic, was chara(*teristic, and the lower leaves died. On barley 
there was a grayish withering of the leaf tips, extending eventually, 
in s(‘ver(» injury, to th(‘ entire leaf. In water cultures these symptoms 
appeared most quickl^V if the plants were allowed to develop a good 
root system before^ being iransf(‘rred to solutions containing chlorals 
so the proc(»dure was adopted of allowing them to grow^ for a W(H‘k, 
after germination in sand, in a solution having a favorable, approxi- 
mately neutral reaction. Control plants grown without chlorate 
always prevented confusion of symptoms due to chlorate with those 
du<‘ to an unfavorable reaction of the solution. 

The controls showcnl that near-n(‘utral and alkaline solutions wiu-e 
most favorable for growth of soybean and suiiHowht, n^spectively, 
acidity as high as pll 5.0 lieing highly injurious. Barley greW' (|uit(‘ 
uniformly in all the solutions, tolerating acidities as high as pH 5.0 
much better than (‘ither soybean or suntlovv(*r. Som(‘ chlorosis from 
iron defici(mcy occurr(‘d occasionally in alkaline solutions, but it w^as 
not scM'ious in tli(» 2-w'(‘(‘k period of the experiments. 

S(‘V(U*al preliminary (‘xperiments with wheat showed no effect of 
th(‘ solution reaction on chlorate toxicity. But subseqiKUit trials 
witli soybeans grown under .similar conditions show^(‘d definit(*ly that 
th(‘ l(»af symptoms produced by 25 p. p. m. of sodium chlorate W(U*e 
most sev(T(* wlnu’e the nutriemt solution was below' pH 6.0, less seven* 
w here it was betw(*en pH 6.0 and 7.0, and slight or absent b(*tween pH 
7.2 and S.3. Sunflower also prov(‘(l to b(* most S(»verely injured by 
( hlorate in tin* acid solution. Because of the poor growth of tin* 
control plants in the more achl solutions, subsequent tests W(*re 
carried out w ith barley, w hich gn*w’ w ell ov(‘r a w ider range of reactions. 

For the fii*st of tin* exp(*riinents with barley, seedlings grown for a 
week in a n(*ar-neutral solution to develop uniform root systems were 
transf(*rre(l to solutions containing 0, 10, 20, 40, and 50 p. p, m. of 
chlorate, respectively. Each seri(*s w^s re‘plicated at acid (pH 5.1 
6.2), neutral (pH 6. 8-6. 9), and alkaline (pH 9. 1-8.3) reactions. After 
3 days tln'rc* w^en* distinct .symptoms of chlorate injury in the acid and 
near-neutral solutions at all chlorate concentrations except the lowest, 
10 p. p. m. In the alkaliin* solution no symptoms W(*re detectable 
at this time at any chlorate coiH*entration except the highest, 50 
p. p. m. Two (lays Iat(*r, injury had appi'aivd h(*re with 40 and 30 
p. p. m. also, but to a much lesser d(*gre(* than at tlu*se concentrations 
in the lu'utral and acid solutions. The contrasting appearance of the 
acid and alkaline seri(*s after 7 days is illustrated in figure 1. The 
(‘ontrol plants for the two reactions (extreme* left in each series) look 
alike. 

Aft(*r 1 1 days the plants were cut, and those grown with 10 p. p, m. 
of chlorate at the aci<l, neutral, and alkaline reactions were photo- 
grapliod. Figure 2, A, shows that the chlorate injuivd the plants in 
the acid solution severely, those in the near-neutral one moderately, 
w hile those in the alkaline solution were apparentlj^ uninjured. 

In another experiment the low(*r leav(*a of barley plants in the acid 
solution (pH 5.0-6.4) began to wither 2 days after the addition of 40 
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p p ni of clilorato to the cultures, whereas those in the neutral and 
alkaline solutions evinced no ill effects Two days later, when the 
photograph shown in fi^iiie 2, R, was made, the lower leaves ol the 
plants in the neutral solution (pH 7 0 0 0) were also withered, but 
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Figure 1 — Barley plants after 7 days in nutrient solutions contaiiunjc 0, 10, 20, 
40, and 50 p p m of sodium chlorate -d. In acid solutions, pH 5 1 6 2; H, in 
alkaline solutions, pH 9 1-8 3. 

thoso in the alkaline eolution (pH 7.9-7 4) were still practically unin- 
jtired, only the tips showing slight withering. Growth of the control 
plants without chlorate remained good at all three reactions for the 
duration of the experiments and showed that the symptoms attributed 
to chlorate were not due to unfavorable acidity in any case. 




Fkutrl 2 -1, Barlo\ plants 11 cia\8 after the additioti of 10 p p m of sodium 

chlorate to (a) Acid (pH 5 1 0 2), (6) neutral (pH h S 6 9), and (c) alkaline 
(pH 9 18 3) Bolutioiib /i, Barley jilants 4 da\8 after the addition of 40 p p in 
of sodium chlorate to (o) Acid (pn 5 0 5 4), (6) mutral (pH 7 0 6 6), and (c) 
alkaline (pH 7 9-7 4) solutions 
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Another experiment with barley was carried out similarly with 20 
p. p. m. of sodium chlorate in three solutions whose reactions ranged 
from pH 5.2 to 5.9, 6.4 to 7.0, and 9.2 to 8.1, respectively. After 4 
days, only the plants in the acid solution showed chlorate injury — 
fired leaf tips and shriveled lower leaves. After 6 days, injury was 
severe in the acid solution, moderate in the near-neutral solution, and 
absent in the alkaline one. After 2 weeks, wh('n the plants were out. 
and weighed, those in the alkaline solution averaged 96.5 percent as 
large as the corresponding controls without chlorate, as compar(*d 
with 80 and 66.5 percent as large in the ease of the plants in the neutral 
and acid solutions, respectively. 

In the first soil experiment 3-wcek-old plants from duplicate plots of 
corn, soybean, millet, and sorgo all showed least chlorate injury in alka- 
line soil (pH 8). Other plants cut from the plots 2 weeks later gave 
similar results for each crop except millet, which at this cutting 
showed no difference between the degrees of chlorate injury in the 
limed and unlimed plots. 

The large quantity of lime used here to produce a soil reaction of pH 
8.0 was itself injurious, as shown by the smaller size of the control 
plants. Therefore, the experiment was repeatwl with half as much 
lime (1 pound per plot), which produced a soil reaction of pH 7.5. 
Again corn, soybean, sorgo, and barley were all h'ss injured by the 
chlorate in the limed than in the unlimed plot at both of two cuttings, 
comprising alternate plants cut after 2 and 4 wet'ks, rc'spectively. 
But in a repetition of the experiment immediately afterwards, with 
millet, sorgo, and sunflower, this effect of the linn* was not obtained. 
Thus, while liming generally rendered the chlorat(‘<l soils less toxic, 
there were unexplained e.xceptions. Moreover, in no case was the 
tendency of alkalinity to reduce the toxicity of chlorate as pronounced 
in soil as it had been in the water cultures. It should be emphasized 
that each of the soil experiments w'as begun with newly chlorated soil 
in an effort to avoid cnmpliiiations that would ('nsu(* if the rate of de- 
composition of the chlorat<! should be affectcnl by the soil reaction. 

PERSISTENCE OF CHLORATE TOXICITY IN RELATION TO SOIL REACTION 

It was observinl in one of the experiments that barley plants of a 
certain limed plot were taller and less chlorotic than those of an adja- 
cent neutral plot throughout their early seedling stage, but that they 
lost this advantage by the time they were cut and weighed at the age 
of 6 weeks. Their initial superiority reflected the lessi'r toxicity of 
chlorate in an alkaline substrate. The fact that as time went on the 
plants became increasingly poorer than those in the neutral plot 
suggested an inhibiting effect of the soil’s alkalinity on the rate of 
decomposition of the chlorate, which would accord with Yamasaki’s 
{W) finding that chlorates undergo reduction more easily in acid than 
in neutral or alkaline substrates. 

To test the relative rates of recovery of acid, neutral, and alkaline 
soils made toxic by sodium chlorate, some greenhouse-soil plots were 
acidified to pH 5.2 with sulfuric acid, others were made alkaline (pH 
8.0) with hydrated lime, and still others were left at the nature reac- 
tion, pH 6.8. Sodium chlorate was then stirred into half of them, and 
the rest left as controls without chlorate. Black Amber sorgo was 
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sown the next day. Ea(‘h series of plots was duplicated in two green- 
houses designated A and B. 

Five successive crojis of sorgo were grown in these plots without 
further treatment. The average green weights of the plants of each 
of the five crops, (expressed as percentages of corresponding averages 
for control plants in soil of the same reaction without chlorate, are 
given in table 1. 


Table 1 . — Comparative persistence of chlorate toxicity * in acidj neulraly and alkaline 
soils ^ as shown by growth percentages^ for successive crops of sorgo 

(Chlorato addtMl <o soil on July 24. 1939] 


Sow- 

ing 

No, 


I 


IVriod of growl h 
1939-194(1 


1 (Jrcen- 
1 hous(‘ 


Orowth iM^recntagos of 
ehloiated plants at the 
following soil reactions 


Average weights of control 
plants without chlorate 
at the various soil reac- 
tions 


Acid 1 Neutral \ Alkaline! Acid Neutral j Alkaline 


1 

] 


j 

i Percfnt 1 

}*ercent 1 

Percent 

! Oramst \ 

Grams 

1 Grams 

‘ i 

Jul> 2f> 1(1 Aug 23 

i{ 

' 2 3 ' 

i l-'i; 

1 H , 

1.3 1 

3 5 
3 3 

23 11 1 
! 19. 72 ! 

20 11 
19 (>4 

13 09 

I 13 73 

2 i 

! 

Aug 31 to Oet. 5 

:{ 

. 2.5 1 1 

22 4 , 

21 3 , 
19 .5 ' 

H.H 
10 7 

1 9 04 

14 HO ! 

9 29 
13 32 

8 40 

1 9 .54 

3 1 

Nov . 10 to I)«'C 19 

' A 

j (W 9 j 

VA .5 ' 

20 3 

1 1 59 1 

1 m 

1 74 

4 - i 

Doc 20 to Jan. 22 


. 102 9 ' 

1(H> 1 t 

(>4 0 

1 ^ i 

50 

1 48 

5 

Jan 22 to Mar 7 

! A 

1 13.5 9 ; 

! ; 

lOfi.2 1 

.51 4 

1 28 

1 01 

1 

; i 40 

1 


1 Th(‘ tovicity of all the chlorated plots was n‘<luced hetw<H‘n the first and second sowings by adding with 
thorough mixing HO |M)atKls of untreated soil to that in each compartment The (‘ontrol plots recinved 
similar additions 

^ The pU values ranged o\ei the iH*rio<l of the ex|KTiment from 5 2 to ’> 3, 5 H to 0 (>, and 8 0 to 7 .*> for the 
acid, neutral, and alkaline soils, res|H*cti\el> 

’ A\erag<‘ green weights of HI) to KK) plants in terms of corresponding weights of control {ilants from soil of 
the same leactiou without chlorate as 100 


The data show that chlorate toxicity was initially very severe in 
all the plots, reducing tin* plants to a small fraction of the size of the 
controls. Those in the alkaline soil wen^ the least injured, as shown 
by somewhat higher growth percentages. In successive croppings 
toxicity deenuised ])rogr(‘ssively in all tin* plots, but much less rapidly 
in the alkaline ones than in the others; with the result that, where the 
plants were least injured in the first sowing, they were definitely the 
most injured in all subs(*qu(»nt ones. When tln^ experiment was dis- 
continued, after fiv(» sowings, the soil of these alkaline plots was still 
highly toxic, while that of the neutral and acid plots had lost its 
toxicity (’ompletely. 

The weights of the control plants showed that the lime was itself 
injurious for the first two sowings but not thereafter. There was no 
significant differenc<* in the size of the control plants of the neutral and 
acid plots at any time. The decline in yield with time is without 
significance for the present study, being due to the decreasing size 
attained by plants of similar age as the season progressed from summer 
through the winter months. 

The soil plots in greenhouse B of table 1 were not resown with sorgo 
after tlie second sowing but instead were used for a series of five suc- 
cessive sowings of sunflower. Each plot was divided into two sections 
by a board partition, and sodium nitrate, at a rate of 150 gm. to 250 
pounds of soil, added to one and not the other. The comparative 
persistence of chlorate toxicity in the various plots is shown in table 2. 
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^ABLE 2 . — Comparative persistence of residual chlorate toxicity in addj neutral, 
and alkaline soils * as shown by growth percentages * of successive sowings of sun- 
flower 

(Chlorate to soil on July 24, 1939J 



Much the smallest growth percentages, indicating gi'eatest toxicity 
of the chlorate, were obtained for plants of fin* alkaline plots through- 
out. The, failure of those plants to show an initial superiority is 
accounted for by the fact that the chlorate had already been in tln^ 
soil for 3..5 mouths (since July 24) at the time of the first sowing, so 
that differential decomposition of the chlorate had already occurreil — 
greatest in the acid, least in the alkaline soil. Toxicity disappeared 
completely from the acid and neutral soils by the time of the fifth 
sowing; but the plants in tin* alkaline plots were still very chlorotic 
at this time and were only about half the size of the control plants in 
the same soil without chlorate. The data skow conclusively that lime 
greatly increased the time required for decomposition of tin* chlorate*. 
The contrast in the appearance of the plants of the* limed and unlimed 
plots by the time of tne third sowing is illustrated in figure 3. 

When the percentages for plants from the nitrated plots are com- 
pared with those from the plots without added nitrate it is seen that 
the effect of nitrate in reducing toxicity, first discovered by Crafts {H), 
was more pronounced in the neutral and alkaline soils than in the acid 
one. As a result, the plants of the acid plots were not superior to 
those of the neutral plots in the nitrated soil, thus constituting the 
only exception to the generalization of most rapid decomposition of 
the chlorate in the most acid soils. 

Other experiments with sunflower and barley are summarized in 
table 3, both begun with newly chlorated soil. 

The plants of the first sowings of both crops were somewhat less 
injured by chlorate in the alkaline plots than in the neutral ones. 
Subsequently this relation was reversed, as in the experiment of tabic 
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FuarRE 3.— Comparative^ dt'gnMis of chlorate* chlorosis and stuntinji: of ry-wook-oici 
Kunflow(*r ])lants grown in (a) limed, (b) neutral, and (c) acidified soils treated 
9 months pr(‘viously with ecpial (piantities of sodium chlorate. The control 
plants, without chlorate, showed no effects of the soil r(‘action, all being normal 
in size and cedor at this time. 

1 wli(‘r(‘, US hm‘, tli(‘ s(*o(l was sown within a few days after tin* appli- 
cation of (‘hlorate. Durin^j: tin* several-month p(*rio(l of the experi- 
im^nts, chlorate toxicity disappe^ared coinplet(*ly from th(‘ acid soils, 
and was much n^luced in tin* neutral soil, but it changed much more 
slowdy in tin* alkaline one. Concomitantly, leaf chlorosis, e(|ually 
seven* on all the plants at first, disappeared completely from tin* acid 
plots but persist(*d with almost unabated sev(‘rity in the alkaline plots 
to the (*nd. Plants of the neutral nlots were clearly intermediatt* 
aft(*r tin* first sowings. Tin* color of all the control plants w-as normal. 


T.xble 3. - Comparatwv persisirnce of chlorate toxicity in acid, neutral, and alkalnie 
soils ^ as shown by growth percentages ^ of successive croppings of barley 

{Chlorate added to soil on Jan 2 and Mar. 11, 1940, for e\iK*riments vith barle.\ ‘ind sunflo\\er, 

rc*s|K‘etiVflj I 


I 


Croi> aiui sow jnjr No. | Period of crowlh 


Harley 

1 - - . . Jan. 3 to Feb. 14 . . . 

2 Feb. U) to Apr. 1 

3 

4 
6 

Sunflower* 

1 

2. ... '1 Apr. S to May 3 

3. . . May 3 to M.iy 27 


i Growth i)ere(‘niages of | Average w’eichts of con* 
I ehlorated plants at trol plants without 
I the follow’inj; soil re- [ chlorate at the various 
I actions l soil react ions 


1 Acid 1 

1 

Neu* 1 
trai 

Alka- 

line 

1 Acid 

t Non- ' 
tral ! 

Alka- 

line 

1 

i'ff* j 

PtT- 

i*<r- 

r 

1 

1 i 


cesf i 

cvnt 

ctnt 

Gramn 

Grama 1 

Grama 

12 f» 

8 9 

13 4 j 

4 07 

3 90 i 

3 89 

15 3 

7 9 

7.2 ! 

11 27 

11 54 

10. .50 

40 8 

21 9 

17 9 j 

2. 7.5 

2 80 

2 94 

81.9 

.53 8 

33.1 

2 30 

2 08 i 

2 43 

140 0 

70. 9 

52 1 

2 25 

2 98 ; 

3 14 

.50 3 

30. 9 

41 A 

8 49 

7 07 1 

4 98 

73. 0 


41 0 

11 11 

10 .12 ' 

0 50 

99 7 

77 7 

47.8 

12 00 

11. Wi 

1 1 

8 m 


Apr. i lo Apr. 
Apr. 30 to May 23 
May 2:1 to June 21 

Mar. 12 lo Aiir. .5 


» 1'ho pn values obtained over the |K*rlod of the exiKjriinents ranped from 5 3 to a 5. 0 8 to 7.0, and 8.1 to 
7,(t for the a(?id, neutral, and alkaline soils, resiwtively. 

* Average gn*en weights of 75 to 85 plants of sunHow’cr and at least 100 of barle.> in terms of correspond* 
ing weights of control plants from soli of the same reaction without chlorate as 100 
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There is a further relation that should be pointed out in connection 
with the first sowings of tables 1 and 3 (comprising all the experiments 
begun with newly morated soil), namely, that the plants of the acid 
plots were not the most injured, as would be expected, but were less 
injured than those of the neutral plots in every case. This disagree- 
ment with the direct relation that obtained in the water cultures is 
probably attributable to the effect of acidity on decomposition of the 
chlorate by reducing agents of the soil, superimposed on the direct 
effect of acidity on chlorate injury to the plant. This point will be 
discussed later. 

The occurrence of growth percentages well above 100 for final sow- 
ings, such as those of the acid plots of tables 1 and 3, show that after 
emorate toxicity had disappeared the plots produced larger plants 
than did the adjacent control plots of the same reaction without 
chlorate. Several investigators have reported such instances of ap- 
parent stimulation of crops by chlorate. Strobel and Scharrer {19) 
and Bissey and Butler (5) have observed it with wheat, and Bowser 
and Newton {6) with flax, although the latter attributed it to elimi- 
nation of weeds by the chlorate. Stimulation of soi^hum was ob- 
served by Timmons (unpublished report, 1939) who stated (p. 20) 
that “there was a definite tendency for the yiidds of most of these 
crops [sorghums] to be higher on the treatetl areas than on check 
plots, probably due to the moisture conserved by the absence of 
growth on the treated ari'as the previous year or two.” Conservation 
of nutrients would also be expected where chlorate has previously 
reduced plant growth. Bissey and Butler (5), however, found that 
the apparent stimulation observed by them did not result from reduc- 
tion of fertility in the. check plots, for these remained equally produc- 
tive over the period of experimentation. In the present investigation 
relatively greater exhaustion of the soil in the control plots by the 
end of each experiment can be assumed but it cannot be proved from 
the data available. It seems to the writer that another explanation 
may be found in a possible destructive effect of chlorate on the dele- 
terious soil organisms to which crops like sorghum are particularly 
susceptible. 

CELL-SAP ACIDITY AND SUSCEPTIBIUTV TO CHUIRATE INJURY 

The effect of the reaction of the substrate on chlorate toxicity sug- 
gested the possibility of a relation between plant acidity and degi‘<*e 
of susceptibility to chlorate injury which varies widely with different 
crops {12). Although reports found in the literature {11) showed no 
acidity differences that could be correlated with difference in sus- 
ceptibility to chlorate, it seemed desirable to compare the acidity of 
some of the crops when grown side by side in the same greenhouse. 

Some 200 pH determinations * on the expressed juice of leaves of 
15 different crop plants were made with a Leeds and Northrup glass- 
electrode apparatus check*ed frequently with standard buffer solutions. 
A comparison of these determinations showed that differences in sus- 
ceptibility to chlorate injury cannot be explained on the basis of 
differences in plant acidity. Tlius, pH values for four varieties of 

3 These determinations were made by A. L. Pitman, of the industrial Farm Products Research Division 
Bureau of Agricultural Chemistry and Engineering, U. S. iDepartment of Agriculture. 
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barl(‘y, one of the most su9C(‘ptibl(» crops, ranged from 5.91 to 6.27, 
as compared with a range of 5.88 to 6.05 for four varieties of oats, 
a highly resistant crop; and pH values for spinach, which generally 
proved most susceptible of all to chlorati*, ranged from 5.84 to 6.24, 
as compared with a range* of 5.80 to 5.89 for the* highly resistant flax. 
Obviously some factor oth<*r than sap acidity is responsible for tlie 
differences in the s(*verity of chlorate effects on these plants. 

DISCUSSION 

The toxicity of a given concentration of chlorate tends to vary 
directly with the hydrogen-ion concentration of the substrate. How- 
ever, from tin* rather small effects and the occasional exceptions ob- 
tained in the soil (*xperiments of the present investigations it seems 
likedy that the relation is of minor importance* for the problem of 
chlorate* tre*atment of soils for weeel contred. Me)re important see*ms 
the* fact that chlorate toxie'ity elisappears so much more slowly from 
lirneel soil than from near-neutral and acidifieel soils. This finding, 
if confirmeel unde*r field cejiiditions, woulel indicate a distinct elisad- 
vantage in the use of chlorate on alkaline soil, for to the tenelene*y of 
(he chlorate* applie*atie)n to be le*ast toxic, hence least eff(*e*tive in 
killing the we*eds, is adele*d the* eve*n more se*rious e>bje»ction of subse*- 
(ju(*nt slower r(*co\ e*ry e)f sue*h soils for succe*eding crops. Presumably 
the explanation e)f the* givati'r pei‘sisle*nce of chlorate toxicity m 
lime*d seul is to be* found in the re*lative*ly slow el(*e*omposition e>f the 
chlemite at alkaline ivactions. 

\Vhe*neve*r an expe*riment was b(*gun with seiil to whie*h edilorate hael 
been aelele'd several months pre*viously (in which pre*sumably the 
eliire*re*ntial elecomposition elue* to soil reaction would already have 
oe*curre*d) the* elata always faile'd to show the initial superiority of 
chle)rat(*el plants in lime»ef se)il that woulel be* e*.\pe'cted fre>m the fact 
of their supe*riority in alkaline* nutrie*nt solutiems. 

The plants of aciel soil plots were less injureel by chlorate than were 
those in neutral plots. This reversal of the diivct e*oiTe*lation of toxic- 
ity with eiegree of acielity, found to ed>tain in water-culture's of both 
the present anel previous inve»stigations (Wy 17 y 20) y may be explain- 
able on the* basis of me)re rapid ele*composition of clilorate in the acid 
soil - a reaction not occurring in culture solutions of similar acidity 
because of lack of reelucing age*nts. As statc'el by Offord (76*), ‘^The 
high oxielizing pote*ntial of sodium chlorate anil the re*adiness with 
which this compound gives up its oxygen wh(*n intimately associated 
with organic matter is a well-known chemical fact.” 

In explanation, then, of the relation betw(*en soil reaction and per- 
sistence of chlorate toxicity, it can be assumed that the rate of de- 
composition of chlorate to the relatively harmless (*hloride, a process 
known to occur in the soil and to be affected by various conditions 
{2y Sy 6y 9y Z^), is favoccd by acidity and hindered by alkalinity, as 
might be expected from its chemical properties (75, p. SIS), In 
accord with this explanation is Yamasaki’s finding (20) that glucose 
and aldehydes can reduce chlorates when the solutions are acid but 
not when they are neutral or alkaline. Since one of the advantages in 
the use of chlorates for weed control is their relatively rapid disap- 
pearance from treated soils, their persistence under alkaline conditions 
would indicate the need of caution in applying them to limed soils. 
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and possibly to the alkaline soils of the western part of the United 
States. Certainly, to apply lime in order to hasten recovery of the 
soil after ehiorate has been us(‘d to kill weeds, an idea that had been 
suggested by the tendency of chlorate' to be least toxic in alkaline 
solution cultures, can now be expected to greatly prolong the toxic 
condition. The best recovery of an alkaline soil by the time all toxic- 
ity had disappeared from adjacent acid plots was to 64 percent of 
normal (table 1). Usually recovery was to about 50 percent of normal. 

Incidentally, it is of interest to note in this connection Yamasaki^s 
idea (20) that the active agent in chlorate' toxicity is the hypochlorite 
ion produced on reduction of the chlorate to hypochlorite within the 
plant. reports that susceptibility to chlorate is actually greatt^st 
in those plants tliat are highest in such reducing substances as gliH'Ose 
and aldehydes. If the reduction takes ])lace only in acid solutions, it 
might be assumed that the more acid the plant the greater its sus- 
ceptibility to chlorate. Yamasaki actually found that growing plants 
in acid solutions increased their susceptibility to chlorate and assumed 
the ('fleet to be du(' to an increase in their sap acidity. However, he 
found no correlation between the aciditv measiiri'ments for seedlings 
grown under ordinary conditions and their relative susceptibility to 
chlorate injury. Nor could any such correlation be found in the pres- 
ent investigation. 

Arenz' finding (/) that barley is high in reducing capacity, as com- 
pared with lupine, should be noted in this connection, for barh'y is one 
of the most susceptible crops to chlorate. Also of interest, in view of 
the extreme susceptibility of spinach, is Stoklasa's finding {18) that 
the Chenopodiaceae in general are high in oxalic acid. However, 
the hydrogen-ion concentrations obtained' by StokJasa, the present 
writer, and others {11) for the expressed juice of spinach are no higher 
than tl)Ose of more resistant crops. 

The assumption is made throughout tliis paper that the effect of 
lime on the persistence of toxicity of chlorate-treated soils is an efft'ct 
of alkalinity. However, a puzzling asp<'ct presents itself in the fact 
that so large an effect persists in the limed soil after its alkalinity has 
decreased through successive sowings to values as low as pH 7.5, as in 
the experiment summarized in table 1. Furthermore, it is surprising 
that tlu're should be such an extreme contrast in the toxicity of chlorate 
in soils whose reaction differed no more than did that of the “neutrar’ 
and alkaline soils of table 2, the former ranging, between the 
beginning and end of the experiments, from pH 6.8 to 7.2 and the 
latter from pH 7.5 to 7.6. There is a suggestion lu'ie that the action 
of lime in delaying the disappearance of chlorate toxicity from soils 
may be some enect other than that of alkalinity. On the otlu'r hand 
there is the fact that acidifying the soil could hasten the disappearance 
of toxicity as outstandingly as liming delayed it, which would point 
to degree of acidity as the determining factor. Certainly such pro- 
nounced and regular trends of declining growth percentages witli 
decreasing degrees of soil acidity as those shown by table 3 would 
seem to justify such interpretation. 

SUMMARY 

The toxicity of sodium chlorate to soybean, sunflower, and barley 
in water cultures generally varied directly with the acidity of the nu- 
trient solution, being least at alkaline reactions and greatest at acid 
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onos. Decreasing tli(‘ soil acidity of ^r(*enhouse plots to about pll 8.0 
with lime sometinu^s, but not always, decreased the toxicity of newly 
ad<led chlorat(‘. 

Chlorate toxicity disapp(‘ared much more slowly from limed than 
from unlim(‘d soil. In jrtuuTal, it disapp(*ar(‘d most rapidly from acidi- 
fied soil, but the ditlen»nc(» between the rates of r(*covery of tin' acid and 
neutral plots was usually less mark(»d and h'ss consistent than the 
difference betw('(Mi these and tin* alkalim* plots. 

In consequenci* of tin* dual (*flVct of acidity on tin* toxicity of 
(‘hlorate ancl on its rate* of decomposition — alkaline plots that were the 
l(‘ast toxic imniediat(*ly aft(*r chlorate was addc'd wen* tin* most toxic 
to subsequent crops. This r(*versal of the initial relation betw(*en 
limed ainl unlim(*d plots is b(*li(*V(*d to be due to an eff(*ct of soil reac- 
tion on tin* rate of d<*composition of the chlorate*, a process liindeTctl 
by alkalinity and favonnl by acidity. 

Since a ^iv(‘n concentration of chlorate tends to be* least toxic in 
alkaline soil, hence* a l(*ss effective poison for wenuls, and at the same* 
time is a more lasting poison for succeeding cre)ps, a que*stion is raise*d 
as to tin* advisability of applying it to alkaline soils. 

Tln*re was no ceuTelation betw(*en the pll value of the* e*xyu-e*ssed 
juice of various crop plants and their re*lative* susce*ptibility to chlorate 
injurv. 
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A COMPARISON OF FUSARIUM AVENACEUM, F. OXY- 
SPORUM, AND F. SOLANI VAR. EUMARTII IN RELATION 
TO POTATO WILT IN WISCONSIN' 

By John G. Mc'Lban, formerly instruclor, and J. C. Walker, profe^ttor, Depart- 
ment of Plant Pathology^ WiHconsin Agricultural Experiment Station 

INTRODUCTION 

Tl)o fusariiiiii ^\ilts of potato (Solanutn tuberosum L.), while of 
relatively minor importance to tin* potato industry as a whole, con- 
stitute a major probhun in many local areas. Their endemic occur- 
rence in certain r(‘j?:ions and their sporadic appearance in others 
render them constant hazards to the potato cn)p. Appel (i),‘ work- 
ing in Germany in 1907, described a leaf -rolling disease of potato whicli 
he beli(‘ved to ne du(‘ to one or more spt'cies of Fusaruim. The disease 
characteristically produced a folding together of th(‘ margins of the 
l(‘aHets, while ttu^ lower leaf surfaces of diseased plants pn^sented a 
leaden appearance and the entire foUagt* frcHiuently assumed a reddish 
tint. Th(* |)Otato wilt diseases associated with Fusarium solani 
(Mart.) App. & Wr. yar. eumurtn (Carp.) Wr. and Fusarium ory- 
sporum Schlecht./. / Wr. {F, oxysporum f. tuberosi S. & H.) {19) have 
been studied extensively and th(‘ literature' on the -subject reviewe'd 
fully by Goss (5, 6‘, 7\ 8, 9^ 10). 

A potato disease difft'ring somewdiat in symptoms from the com- 
mon potato wilts has bi'en observed in Wisconsin for several years. 
From infected plants collecte'd in the' sunuuer of 193(5 a species of 
Fusarium was isolateel w^hich diffe'red in cultural characte'rs and sport' 
type from F. solani var. eumartU and F. o.rysporum. This culture 
w-^al^ identified as Fusarium aremiceum (Fr.) Sacc. by Dr. Otto A. 
Reinking of the Nt'W" York Agricultural Experimt'iit Station. Several 
phast's of the dist'ase have been studied and in t'ach case comparison 
has been mad(' with the two wilt diseases mentioned above. For 
convenience, the three diseases will be referrt'd to heroin as eumartii 
wilt, oxysporum wilt, and avenaceum wilt. 

PATHOGENICITY STUDIES 

Many isolations of Fusathim aremeeum and various other species 
of Fusaiium w^ere made fiom diseased plants collected in commercial 
fields of central and northern Wisconsin during the summer of 1936. 
Single-spore cultures were obtained by the dilution-plate method on 
clear agar. Four plants each of Katahdin and Bliss Triumph varie- 
ties were inoculated with each culture. The fungus was introduced 

> Reoeivfid for publication December 2 , 1940. 

3 Italic numbers in rmrentheses refer to Literature Cited, p. 524. 
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by inserting mycelium into a cleft cut into the stem just below the 
ground level after the stem surface had been disinfected. Sterile 
nonabsorbent cotton was placed over the wound and the soil was 
replaced. Isolates which produced a progressive discoloration of the 
vascular elements some distance from the point of inoculation were 
retained for further study; the remainder was discarded. Repeated 
tests showed F. avenaeeutn to be parasitic on potato, while plants inoc- 
ulated with other fui^rus isolates and the control plants remained 
healthy. 

In the belief that a pathogen new to potato had been obtained a 
soil inoculation test was set up with F. avenaceum. A mixture of 3 
parts of composted soil to 1 part sand was autoclaved for 2K hours, 
along with the 6-inch clay-pot containers. After exposure to the 
air for one week the autoclaved soil was inoculated with 23-day-old 
corn-meal-sand cultures of F. oxysporum,^ F. avenaceum, and F.aoUmi 
var. eumartii.^ Suberized seed pieces of Irish Cobbler were planted 
and five pots of each inoculation were placed at air temperatures of 
18® and 24° C. 

Plants infected from the soil by F. sohmi var. eumartii were dead in 
7 to 10 days after emergence at 24° and in 14 to 20 days at 18°. 
The plants infected by F, avenaceum or F. oxysporum wore less seriously 
affected, living on an average for 65 days after emergence. The 
plants ^ected by oxysporum wilt displayed symptoms of leaf yellow- 
mg for an average of 20 days before complete wilt and death occurred. 
Those affected by avenaceum wilt showed earty, distinct signs of the 
disease 20 days after emergence; the plants recovered for a time but 
finally succumbed to the wilt at the same time as did those infected 
hjF. oxysporum. The control plants in' sterilized soil to which sterile 
com meal and sand had been added were healthy 80 days after emer- 
gence, at which time the experiment was discontinued. The respec- 
tive organisms were reisolated successfully in all instances from the 
lower stem, roots, or tubers of infected plants. These results indi- 
cated that the strain of F. avenaceum tested was capable of producing 
infection and discoloration of the stems, stolons, roots, and tubers 
from which the fungus could be reisolated. 


SINGLB.SPORS STI^INS 


The pathogenicity of 12 single-spore strains of Fusarium avenaceum 
from one of tl>c original isolates was tested by stem-puncture inocula- 
tion and by the use of inoculated, sterilized soil. In the artificially 
infested soil several weak strains were able to cause root infection 
and browning, but were not capable of affecting the vascular tissuas 
of the stem to any great extent. Wlien these cultures were injected 
into cleft wounds in the stem, a vascular discoloration extending 1 
to IK cm. above the point of inoculation was produced after 20 days. 
No foli^e symptoms were produced. Another group attacked the 
roots of plants in infested sou, invaded the lower stem, and produced 
in it a vascular discoloration extending 1 to 2 cm. above the point 
at which the infected roots were attached. Stem inoculations re- 
sulted in vascular penetration 2 to 3 cm. from the point of inoculation 


* Dr. R. W, Goss^ University of Nebriaska, kindly furnished subcultures 
var, enuMtjtU from isolates on which he reported in IM iW). 


of F, oxy^rum 


and F. sofani 
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after 20 days. Mild foliage symptoms were detected on a few plants 
in this group. The third group of sin^e-sporo strains readily pro- 
duced root infection and vascular infection of the stem from infested 
soil, and definite foliage symptoms were apparent. Vascular pene- 
tration extended 5 to 7 cm. above the pomt of inoculation by the 
stem-puncture method. Thus the 12 single-spore isolates tested pro- 
duced three more or less distinct classes of infection as measured 
by the extent of root and stem penetration and the resulting foliage 
symptoms. Seven of the most virulent single-spore lines were com- 
bined for use in later inoculation studies. 

SEED-PIECB INOCULATION 

Several methods of seed-piece inoculation were tested with Fmarium 
avenaceum, F. orysporum, and F. solani var. eumartii in the green- 
house. Fifty seed pieces each of Irish Cobbler and Rural New 
Yorker were used for each treatment and planted at once in flats of 
sterilized soil. Uninoculated controls for each method were included. 
The methods were as follows: 

Presuberized , — The seed piece was cut and allowed to stand in a ventilated, 
saturated atmosphere for 4 days at 24® C. to allow suberization and cork forma- 
tion to take place before inoculation; it was then dipped in a suspension of spores 
and mycelium of the fungus and planted. 

Fresh cut . — Freshly cut seed tubers were dipped at once in the fungus suspen- 
sion and planted imniediately. 

Plugged . — A plug was removed from the seed piece; a disk of mycelium and 
agar was inserted; the plug was replaced and sealed with paraffin. 

Cleft . — A *4-inch cleft was cut near the eye of the seed piece, mycelium was 
inserted with a needle, and the cleft was resealed. 

Plants inoculated with F. apena^^eum and F. solani var. eumartii^ 
together with the uninoculated controls, w ere held at 24°; F. oxysporum 
inoculations w'ere held at 28°. 

The measure of success for each method was determined by recording 
the amount and degree of seed-piece mid stem infection after 22 days 
when the plants were 8 to 10 inches high. Percentage of infection 
and disease-index values were calculated from these tabulations. 
The disease index is similar to that used by Walker, Laison, and 
Albert {20) in the analysis of potato scab data.^ The cleft and 
plugged methods gave severe infection when F. solani var. eumartii 
was used and numerous plants failed to emerge or were killed soon 
after emergence. F, avenaceum and F, orysporum failed to give 
consistent infection by these methods under greenhouse conditions. 
The results for the presuberized and fresh-cut methods aie shown 
in table 1. Although the numbens were too small for satisfactory 
statistical treatment, tln^re were definite differences betw^een species, 
varieties, and the two methods of inoculation. 

« Tlie method of calculation was as follows: Group-weight values were given: for clean- 0, for slight infec- 
tion— I, for mrKlerate— 2, and for severe infection— f». These arbitrary values were allocated to represent 
the relative severity of the respective grades. The number of seed pieces or stems in each class was mul- 
tiplied by Its respective class weight; the products were then added and the total multiplied by 100. The 
figure obtained was divided by five times the total for the treatment to arrive at the disease index for that 

treatment, 1, e.. -disease index Disease index is, therefore, a combined 

measure which expresses in one value both the percentage and the degree of infection. 
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Tabt^e 1 The effect of two methods of inoculation with three species of Fusarium on 
seed-piece and stem infection tn the greenhouse 

[Each flffiue repreaents fiO potato seed pieot^s] 


Potato variety aiid siH*cies of 
Fuiurium 


Irish Cobbler: 

F, solani var. eujnartti 

F, (wenaceum 

F, mytpwum 

Uninoculated control , - 
Rural New Yorker: 

F, $otani var. eumarW _ 

F, tmnaceum 

F. octVBporum 

Uninoculated control 


Seed-pieoe infection 


Stem infection 


Presuberiaed 


Fresh cut 


Preauberiaed 


Fresh cut 


Percent 

ao.o 

21.0 

20.0 

2.0 


Dieeuee 

index 

7.6 

7.2 

15.8 

.4 


Percent 

84.0 

24.0 
38.2 

4.2 


IHetau 

index 

20.6 

11.2 

23.6 

.8 


Percent 
9.1 
6.0 
6 5 
0 


DUteaee 
index 
6.4 

3. 0 
1.6 
0 


Percent 

37.4 

14.6 

27.1 

0 


DiMMe 

index 

19.2 

4.4 

10.6 

0 



0 


78.0 

5.6 

14.4 

0 


100.0 

32.0 

76.0 

2.0 


64.5 
6 0 
21.4 
0 


27.4 

1.2 

4.7 

0 


78.0 
14.3 

72.0 
0 


100.0 

12.0 

56.0 

.4 


63.0 

3.0 

20.0 
0 


A beneficial effect of suberization was seen on both potato varieties, 
although Rural New Yorker thus treated was more severely attacked 
than Irish Cobbler. The effect of suberization was evidenced by a 
decrease in severity, or by a delay in attack, together with a reduction 
in the number of plants affected. The “fresh-cut” inoculations 
generally allowed a greater amount and a greater degree of infection 
than did the presuberized treatment. 

F. avenaceum and F. oxysporum produced consistent infection of sc'cd 

P ieces and stems, but both species were in general less infectious than 
’. 8olani var. eumartii. The most extensive and most severe infection 
was found with F. solani var. eumartii on Rural New Yorker variety, 
where the disease index more neariy approached the percentage values 
than was the case with the other species. A (Jose relationship was 
noted between seed-piece rotting and stem infection. R(Jsolations 
from the stems of each lot- judded the respective organism umul in 
inoculation. 

These results are in general agreement with those of Goss (5, f>) with 
F. oxysporum and F. sclani yar. eumartii and those of MacMillan (IS) 
with F. oxysporum. The differences found between the three fungus 
species in the greenhouse experiments are^jionsistent with the results 
observed later in fidd inoculations, althbugh the same differences 
between the two varieties and the two methods of inoculation went 
not found in the subsequent fidd experiments 

SYMPTOMS OF AVENACEUM WILT 

The first symptom to appear on the foliage following infection by 
Fusarium avenaeeum is a famt yellowing of the basal portions of the 
leaflets of the apical leaves. This stage is soon followed by more 
pronounced ydlowing, approaching chlorosis, of the leaflets, together 
Svith a bunching of the lea^ets anil folioles due to a shorteniuj^ of the 
intemodes of the petiole. The apical leaves are reduced in size and 
there is a dight increase, under greenhouse conditions, in the number 
of leaflets and folioles. The leaves frequently assume a greyish cast 
and the textime becomes brittle and coarse as compared with that of 
the normal foliage. 

The stages which follow vary to a large extent with different en viron- 
mentai.conditions. WiUi sufl^ierft soilmoistme and cool temperature. 
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the affected plant continues to grow, and carboliydratcs accumulate 
in the above-ground organs. Characteristic red or purple pigmenta- 
tion oox^ur3, together with an upward rolling of the leaves (fig. 1 ) and 
the production of aerial tubers in the leaf axils (figs, 2, 3). The 
plant at this stage resembles one suffering from rhizoctonia stem 
injury, while other combinations of stunting, y<.*llowing, leaf rolling, 
and the. presence, of acu'ial tubers may produce a plant somewhat 
similar in appearance to haywire (9) of psyllid yellows (17). To 
distinguish between these disetiscs and avenaci'um wilt on the basis of 
foliage symptoms alone is difficult; in this group, however, only 
avenaccum wilt consistently produces vascular discoloration of the 
lower portion of the infected stem. 



Fiouke 1.- -Symptoms of avenaceum wilt showing the effect of inoculation with 
Fumrinm avenaceum on Blias Triumph potato at Madison, Wis. Note the 
upward rolling of the leaves and wilting of the plant. 


When low soil moisture and unfavorable high temperatures prevail, 
rapid wilting and death of the affected plant result sometimes, pre- 
coded by a gradual loss of chlorophyll and consequent, yellowing of the 
foliage. Tipburn and loss of the lower leaves are common. Plants 
infected with F. avenaernm, whether grown in the greenhouse or field, 
are frequently indistinguishable from those affected with oxysporum 
wilt. This is particularl 3 ^ tnic where temperattire and wateV suppl.v 
^e constant, or when high temperatures prevail. Inoculations in the 
field with F. avenaceum at Madison, Wis., occasionally produce<l 
slight red and purple coloration of the foliage accompanied by rolling 
of the leaves, but no aerial tubers were formed (fig. 1). In no case 
wore these plants as striking in appearance as infected plants in a 
similar inoculation plot 200 miles north of Ma4tison (figs. 2, 3) where 
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pul'pling of the foliage and formation of aerial tubers were much more 
prevalent. Plants in this location affected with oxysporum wilt, and 



Fiouse 2. — Symptoms of avenacoum wUt showing the effect of inoculation with 
Futarium aoenaoeum on Bliss Triumph potato at Starks, Wis. Note the up> 
ward rolling of the leaves and the axillary aerial tubers. 

a few with eumartii wilt, displayed symptoms similar to those pro- 
duced by F. avenaeeum, but most of those affected with eumartii wHt 
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displayed tracers of the interveinal mottle and bronzing characteristic 
of that disease. 

The symptoms of avcnacenm wilt described above are those most 
commonly found associated with mid- to late-season field infection in 





Figcre 3. — ^The formation of aerial tubers in the leaf axils of a purple top potato 
plant infected by Fusarium avenaceum from the plot at Starks, Wis. 


the northern half of Wisconsin. Severe early infection has been ob- 
served under field conditions, and especially after artificial inoculation. 
Plants affected thus either recover for a time, meanwhile showing 
partial masking of symptoms, or they succumb soon after emergence 
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with a consequent reduction in stand and yield. Plants which ai'e 
severely infected early in the season show stunting and bunching of 
the tops and a decrease in chlorophyll at the apex of the plant strik- 
ingly similar to yellow dwarf. However, infection by F. avenaceiim 
does not result in discoloration of the pith like that in plants affected 
with yellow dwarf or eumartii wilt. 

The roots and stems infected with F. apemceinn are indistinguish- 
able from tlmsc affected by other fusaiium wilts of the potato. Infec- 
tion may develop unilaterally in the stem, or may be distributed 
throughout aII vascular elements. Browning of the latter may pre- 
cede fungal invasion or tlx* two may be coincident. Discoloration 
has been observed to extend 0 to 8 inches above the soil level in full- 
grown infected plants, although the causal organism has seldom been 



Fiovbe 4. — Severely infected tutors from potato plants inoculated with Fusarium 
avenaceum showing vascular discoloration and necrotic sjKits in the cortex and 
pith. Photograph taken at the time of harv^. 

i^lated 3 inches above the soil. Pionnotes of the fungus w’cre some- 
times observed on the e.xterior of severely infected stems, .slightly 
above the ground level. Actual fungal invasion, however, is more 
common in the below-ground parts. The infwtion progrcss(*s from 
the stem to the tuber through the stolon. Direct infection of the 
stolons or young tubers from the soil has not been observed. Seed- 
piece infection ma3r occur, but the late-season efifects of the disc-ase and 
the ease with which root infection occurs indicate that the latter 
method of infection is the more common in Wisconsin. Vascular 
browning can likewise be'traccd macroscopically from an infected root 
into the stem xylem. 

Affected tubers show a vascular discoloration which originates at 
the point of stolon attaclunent and extends into the tubers (fig. 4), 
varying among plants and among the tubers of an individual plant. 
SeVOTely infected tubers may show a dry 8tem-<‘nd rot (fig. 5), which 
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is externally discernible as a sunken area at the basal md of the tuber. 
This symptom difl[‘ers from the water-soaked appearance of tubers 
aireet(Ml by F. nolani var, anmartii in that a characteristic powdery 
dry-rot is produ(*ed. Tlu' affected parts arc' gray to pink in color, 
showing occasional tra(*es of bright red. Tlu' mycelium of the fungus 
is readily apparent, and rcisolation is easily accomplished from such 
specimens. Although tuber discoloration is typically vascular, symp- 
toms in pith and cortex have been observed in certain expc'rimental 
lots, consisting of hard, corky, dark-brown, necrotic areas scattered 
in the flesh of the tubc'r (fig. 4). 

Th(' first sign of oxysporum wilt under Wisconsin conditions is a 
yellowing of the lower leaves, which gradually spreads to the leaves 
directly above. Wilt and death may follow rapidly, or the* stem may 



Fujitre 5. Severely infec(e<l tubers from potato plants inoculated with Fvsarium 
avcTuiceum showing vascular discoloration and a dry stem-end rot. Photo- 
graph taken at the time of harvc'st. 

remain turgid until most of the plant has a golden-yellow cast, with 
only a few green leaves remaining at the tip. The appearance of the 
roots, stems, and tubers of infected plants is similar to that described 
by other workers (£, 6, 8, IS, 18)^ and these below-ground symptoms 
are frequently indistinguishable from those of the other fusarium wilts. 

The symptoms of enmartii wilt in Wisconsin are similar to those 
described by Goss 16, 8 ) , and infection is readily secured under a wide 
range of conditions in the greenhouse or field. Rural New Yorker 
variety is an exception, frequently showing only the irregular, inter- 
veinaf bronze areas on the leimets without intervcinal chlorosis. 
Tip burning and dropping of the leaves occasionally occur inde- 
pendentlv of any other symptoms. Russet Rural potatoes in com- 
mercial nelds* show this same phenomenon, and similar symptoms 
have been observed by the senior author on Bliss Triumph potatoes 
growing in western Nebraska. These plants previously had been 


4 So far as tho writ-ors ksow, this is the first report of eumartii wilt In Wiatwnsin. 
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retarded by dry weather, so that severe tip burning on the leaves of 
affected plants was the only apparent sign of the disease on the above- 
ground parts. Severe seed-piece infection and early death of the 
plant have been observed only when a large quantity of inoculum was 
present. 

Leach and Darlii^® in 1935 reported simUar symptoms in Min- 
nesota on plants affected bv unidentified species of fusaria. In 1939 
Jjeach (W) finthcr stated tliat the wilt caused by the tarnished plant 
bug was not identical with the purple top wilt, which disease he 
indicated might be duo to the aster yellows virus. Decker ’’ reported 
western aster yellows on potatoes in New York which agreed closely 
with tlie desenptions of purple top wilt and the blue stem disease 
described by Orton end Hill {14). Hill (11), after examining potato 
tubers affected with blue stem, purple top wilt, net necrosis, stem end 
browning, and avenaceum wilt, reported differences in the location of 
suberized deposits and woimd cork, but found no microcbemical 
differences in the wound periderm among the different types of 
material. 

DISTRIBUTION AND ECONOMIC IMPORTANCE OF FUSARIUM 
WILTS IN WISCONSIN 

Avenaceum wilt varies in severity from year to year, and, like 
oxysporum wilt, is influenced by environmental factors and by the 
vigor of the host plant. Leaf rollii^, reddening of the foliage, and 
formation of aerial tubers are symptoms which occur chiefly in the 
northern half of the State, and they appear most prominently after 
mid-Au^st. For this reason, the latematuring varieties usually 
sho a higher percentage of infected plants under natural field con- 
ditions than do the early varieties. Lower temperatures accompanied 
by heavy or frequent rains, following a period of drought and high 
temperatures, commonly lead to the advent of this symptom complex 
1 week or more later. In Wisconsin the disease appears to be more 
prevalent in the light-textured soils. 

The resemblance of avenaceum wilt to some other potato disorders 
and its smradic abearance make estimation of its economic sig- 
nificance difficult. The amount of infection is generally small, involv- 
ing from 2 to 5 percent of the plants in a field, although fields showing 
up to 20 percent infection have been observed, and small areas within 
a fieM may show much higher percentages of plants with foliage 
symptoms than are present in the field as a whole. It is believed, 
however, that the diseases of Fusarium oxysporum and F. avenaceum 
are equal in importance and that these two species are largely respon- 
sible for the fimgus wilts 6f mtatoes in Wisconsin. 

F. solani var. eumartii has been isolated from field and bin weeimens 
in this State, and fields showing 8 percent of the plants affected by 
this oiganism have been.observed. Eumartii wilt, however, is con- 
fined largely to the northeast section of the State and even there it is 
not the smous problem to potato growers that it is in some, other 
parts of the country. 

• I/iAcii, J. a., Md Dasuno, Hskbt. BTimovs or rouBwii war or wu.ro n* Kunoaou tm 
rxAB, U. 8. Bar. Plant ^dus.. Plant Dls. Bptr. 19: 299>a02. 1936. JMimaograpbed.] 

* OnciciBt PRA 1 UB 8 . A NBw POTATO D 10 BA 8 E IK KSw TOKK. U. 8. Bur. Plant Indus., Plant Bis. Bptr. 
93: 939^227. 1989. rMimeograpliad.]| 
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RELATION OF THE PARASITE TO THE HOST TISSUE 

To observe the path of the fungus in the plant, potato seed pieces 
were planted in sterilized soil in glass containers, which were covered 
to exclude light. The soil was moistened witn sterilized, distilled 
water through a tube at one side of the container. A suspension of 
spores was introduced through the watering tube when the roots had 
accumulated around the end of the tube. Daily observations were 
made with a dissecting microscope and plant parts were removed at 
intervals and prepared for sectioning. Fusarium avenacewn, F. 
orysporum, and F. solani var. eumartii were studied comparatively in 
this manner. 

Water soaking of the root tips appeared at 2 days with F. solani 
var. eumartii, whereas it did not become definite with F. avenaceum 
and F. orysporum until the seventh day. The hyphae of F. solani 
var. eumartti were apparent in the cells of the epidermis and cortex 
of certain rootlets 7 days after inoculation. In the more severely 
affected rootlets the wails of the cortical cells and of the younger 
xylem cells W'ere broken down. The epidermal cells were thus sep- 
arated from the larger cells of the stele but still both groups remained 
in their original positions. The later stages of mvasion with F. 
solani var. eumartii were similar to those illustrated by Goss {6). 
The cortex of the older roots became permeated with the intracellular 
hyphae of the fungus, which eventually reached the xylem. Mycelia 
occurred abundantly in the cortical cdls of the lower stem and were 
also found in the spiral and pitted vessels at the jimction of the in- 
fected stem and roots. Some of the smaller pitted vessels of the 
xylem in the stem collapsed, and the thinner, weaker-appearing cell 
walls indicated the effect of solvent action; in others, which were 
still thick-walled, dense granular deposits were found. Necrosis of 
cell groups in the inner and outer phloem, together with collapse of 
the xylem, occurred, in advance of the fungus hyphae. 

In the early stages of penetration by F. avenaceum and F. orysporum, 
mycelia were found in the epidermal and cortical cells of the young 
rootlets. The cell walls appeared to have become softened and 
swollen and some cells wore partially separated from the adjoining 
ones. This dissolving action was not so rapid as that observed with 
infection by F. solani var. eumartii. F. avenaceum was found com- 
monly in the xylem vessels of roots and stems, and hyphal branches 
radiated from the infected xylem vessels into the outer phloem of 
the stem where collapse and necrosis of the cells occurred. Many 
of the thick-walled xylem cells of the stem became plugged. The 
cortex of the lower stem was also invaded. In the younger roots 
infected by F. orysporum, mycelia were found in the xylem vessels 
of the root, as well as in the cortex. In larger roots and in the lower 
stem the hyphae occurred chiefly in the xylem. 

It may be seen that the tliree fusaria related themselves to the 
potato in a very similar manner. F. solani var. eumartii was the most 
active cortical invader, and enzymic action in advance of the patho- 
gen was greatest. F. avenaceum invaded the cortex of root and stem, 
but was more aggressive than the last-mentioned fungus as a vascular 
invader. F. orysporum w&b about equal to F. avenaceum as a vascular 
parasite, but it was less conspicuous in the stem cortex. 
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TEMPERATURE AND MOISTURE RELATIONS 

In order to determine the effect of natural environment on the 
production and development of wilt diseases, it is necessary to under- 
stand the role of temperature and moisture in infection. Therefore, 
studies of the effect of temperature on the ^owth of the avenaceum 



wilt fungus, together with the effect of soil temperatiu*e and moisture 
on development of the disease, were undertakeu. 


RELATION OF TEMPERATURE TO GROWTH OP THE FUNGI 

Plates of potato^dextrose agar adjusted to neutral reaction were 
inoculated with 4~mm. disks taken from the periphery of a S-day-oId 
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actively growing Petri-dish culture of Fusarium avenaceum. Five 
replicates were placed at. each of eight temperatures ranging at 4® 
intervals from 4° to 32® C., inclusive. Increments of radial growth 
were measured daily. 

The results are shown graphically in figure 6. Both daily-incre- 
ment and total-growth measurements exhibited the greatest response 
at temperatures of 20® and 24® C. These results agree rather closely 
with those of Cormack (.^), who reported an optimum of 24® for "a 
strain of F. avenaceum isolated from alfalfa. The straight-line trends 
in this graph indicate* that growth was not retarded by the accumula- 
tion of staling products or other byproducts of the fungus. The 
optimum is lower than the optima reported for F, solani var. eumartii 
(25®) (6) and F. orysporurn (30®) (7) although Goss {5) demonstratecl 
that the optimum temperature for growth of the latter varied with the 
substrate. 


EFFECT OF SOIL MOISTURE AND SOIL TEMPERATURE 

Wisconsin soil-temperature tanks were employed in the determina- 
tion of the effect of soil temperature and moisture on infection and on 
growth of uninoculated plants. Temperatures were automatically 
controlled to ±0.5® C. at each of the following temperature levels: 
16®, 20®, 24®, 28®, and 32®. The air temperature fluctuated between 
20® and 25®. A mixt ure of one-half sand and one-half composted soil 
in burlap bags was autoclaved at 20 po\inds steam pressure for 2% 
hours. Inoculations were made several days before* planting, after the 
soil had been exposed to the air for 10 days. The sand and corn-meal 
inoculum used in the first series w^as abandoned in favor of autoclave'd 
barley kernels in later trials. The Katahdin and Irish Cobbler varieties 
were planted in the first two series, Rural New' Yorker in subsequent 
tests. Four pr(»suberiz(*d sc^ed pieces were planted in each can of auto- 
claved, artificially infested soil. Five separate series were completed. 
In the first two a comparison was made betwHH'U plants inoculated with 
F. avenaceum^ F. sohini var. eumartii^ and F. orysporurn and uninocu- 
lated controls. In the remaining three series only F. arenaceum w'as 
used. The soil moisture w^as maintained throughout at 40 and 60 
percent of the moisture-holding capacity of the soil. 

The best growth of the foliage of the potato plant was produced in 
the greenhouse at constant soil temperatures of 20® and 24® C. when 
the air temperature was maintained at 20® to 25®. As soil temperature 
increased, germinati3n was hastened and leaf size decreased. At 28® 
the plants were decidedly smaller, w^hile at 32® growth was slow' and 
abnormal, resulting in poorly developed tops. Plants grown at a soil 
temperature of 16® developed more vslowdy than those at 20® and 24®, 
although thicker stems and larger leaves resulted and the plants ulti- 
mately produced more leaf area. Better germination and larger plants 
prevailed throughout the temperature series at 60 percent of the soil 
moistm*e-holding ciipacity. At 28® and 32® plant growth w^as retarded 
at 40 percent moisture, a result undoubtedly of the more rapid deple- 
tion of soil moisture by the greater rate of evaporation and transpira- 
tion at those temperatures. The lower the temperature, the less was 
the effect of moisture on plant size. 

At the temperatureii ranging from 20® to 28® C., the plants in inocu- 
lated soil were from 2 to 6 inches higher than the controls while the 
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reverse was true at 32®. At 16® no differences were obswved. Root 
growth in all inoculated plants was correspondingly greater than in the 
controls. At the lower level of soil moisture a slignt increase in the 
percentage of plants infected by F. avenaceum. and F. oxysporum 
resulted at 16®, while a decrease occurred with F. solmi, var. mma/rtii 
at 28® and with F. oxysporum and F, avenaeeum at 32®, but the number 
of plants was too small to show a significant difference. The data for 
the two moisture levels at each temperature are combined in table 2. 


Table 2.- -The effect of soil temperature on infedion of potato plants by three 

species of Fusarium 


Soil temperaturo (^C.) 

Symptoms in plants In soil 
inooulatpd with— 

Symptonifi 
in plants 
in uninoc* 
ulated soil 

F. solani 
var. 

eumartii 

spwum 

F. avena* 
cetm 


Percent 

Percent 

! 

Percent 

Percent 

10 

75 

10 

12 

0 

20 

100 

10 

43 

0 

24 - 

100 

70 

02 

0 

28 - 

03 

100 

100 


32 - 

(0 

’02 

*80 

>0 


1 Mechanical difficulties. No infection at time of injury to plants. 
’Represents i series only. 


The effect of temperature on F. oxysporum and F. solani var. 
eumarfn was similar to that observed by Goss (6, 6), who reported an 
optimum of 30® C. for infection by the former and of 20® to 25® by the 
latter. The average percentage of infection by F. awnaceum for the 
five series at two levels of moisture showed a definite optimum at 28° 
for each moisture level (table 3), while it was consistently less at the 
lower moisture level at 16^’. However, although the development of 
avenaeeum wilt was more severe as the soil temperature increased up 
to the optimum, it was also more severe in the drier soil in spite of the 
fact that the percentage of infection was greater in the moister soil. 

Two trials were made with Rural New Yorker to determine the 
effect of soil moisture on infection when the temperature remained 
constant. Soil was adjusted to 30 percent., 50 percent, and 70 percent 
of the moisture-holding capacity. tk)il temperature was kept at 24® C. 
in the first series and at 28° in the second, while the average air tem- 
perature was 20® to 25® in both cases. Infection was greatest at the 
50-porcent level and least at 30-percent in both experiments (table 4). 

The optimum temperature for growth of F. avenaeeum is approxi- 
mately the same as that required for rapid, sturdy development of the 
potato plant (20°-24° C.) while the optimum soil t<'mperature for 
infection is some 4° higher. Thus although a difference of more than 
6° exists between its growth optimum and that of F. oxysporum^ they 
appear to have closely similar optimum temperatures for infection. 
Infection by F. (mnaeeum was more severe at 50 percent of the water- 
bolding capacity of the soil than at either 30 or 70 percent. Similar 
behavior was reported for F. oxysporum (5), while soil moisture has 
rdatively little influence on infection by F. solani var. eumariU (6). 
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Tablr 3« — The effeH of toil tetnperatuTe on infedion of potato plaidt by Fusariwn 
avenaceum at two levels of soil moisture 


Soil tomiierature (® C.) 

Symptoms In plants in soil 
inoculated with F. avena- 
eeum at— 

Symptoms in nlants in un- 
inoculated soil at— 

60 percent of 
moisture* 
holding 
ca|>acity » 

40 percent of 
moisture- 
bolding 
capacity > 

60 percent of 
moisture- 
holding 
capacity « 

40 percent of 
moisture- 
bolding 
(Opacity * 

16. 

20 - 

24 , 

28 - 

32 . 

Percent 

0 

60 

62 

94 

7. 

Percent 

16 

60 

68 

70 

50 

Percent 

0 

0 

10 

5 

0 

Percent 

0 

6 

6 

10 


^ Average of 5 replicates representing a total of 76 plants* 
> Average of 5 replicates representing a total of 52 plants. 


Table 4. — The effect of soil moisture on infection of potato plants by Fusarium 
avenaceum at constant temperature 


Water-holding capacity of the soil (percent) 

Symptoms in 
plants in .soil 
inoculated 
with F aeffio* 
ceum » 

! Symptoms in 
plants in 
uninocul'ited 
soil > 

30 ... . . ... 

60 

70 ... - - - 

Percent 

10 3 
53 5 
17.3 

Percent 

0 

1 0 
3.3 

» Average of 2 eiperiments representing a total of 40 plants, 20 at 24® C 
> Average of 2 exrM^riments representing a total of 24 plants, 12 at 24® C 

. and 20 at 28® C. 

. and 12 at 28® V, 


SEASONAL DEVELOPMENT OF THE DISEASE 

Tlici cxprossion of symptoms of the fusarium wilts of potato present 
a constantly changing pictun* in conunercial fields in Wisconsin. In 
the northern half of the State infected plants display varying stages 
of rosetting and upward curling ol the leaves. The foliagi' parts are 
highly pigmented and the buds in the leaf axils are stimulated into the 
formation of aerial tubers. In the central and southern sections, in- 
fection usually results in wilting and rapid collapse of the plants. In 
still other more or less isolated regions of Wisconsin, the symptoms 
are very typical of those described for eumartii wilt (6*). Disease 
development is undoubtedly influenced by the time and amount of 
infection and by the soil and climatic environments. The symptoms 
generally occur late in the growing season. This fact gives the im- 
pression that the potato varieties w^hich are normally mature in late 
August are more resistant than the late varieties. However, Goss 
(7, S,) has observed that the amount of infection by Fusarium is in- 
fluenced by date of planting as well as by variety. 

In order to obtain a more adequate basis for the interpretation of 
the development of the W'ilt diseases throughout the season, the fol- 
lowing experiments were carried out. Several varieties of potato 
were inoculated by various methods and planted on several dates 
in each of two widely separated locations in the State. These studies 
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were conducted during three successive seasons. Plants affected with 
avenaceum wilt, oxysporum wilt, and eumartii wilt were compared 
throughout with the uninoculated plants. 

PLAN OF FIELD EXPERIMENTS 

In 1937, a factorial exwriment was conducted in the field at Madi- 
son, Wis., randomized blocks being used. Four potato varieties, 
three species of Fusarium, and three methods of inoculation wen* 
tested at each of three dates of planting with the result that potato 
varieties, fungus species, methods of inoculation, and dates of plant- 
ing could be studied separately and in combination with each other. 
One-fourth of the total number of rows in the plot were uninoculated 
controls. Two standard early, maturing varieties, Irish Cobbler and 
Bliss Triumph, and two latc-matumg varieties, Katahdin and Rural 
New Yorker, were used. Inoculation was made at the time of plant- 
ing in all cases. The three methods of inoculation employed, namely, 
plugged, presuberized, and fresh-cut, have been described in the 
section dealing with inoculation methods. In several other tests, 
either corn-meal-sand inoculum or inoculated, sterilized soil was 
added to the seed piece in a paper bag and then planted. Plantings 
were made on May 25, June 9, and June 22, in order to include the 
ran^c of the usual planting season for southern Wisconsin. Notes on 
the incidence and severity of foliage symptoms were taken at regular 
intervals throughout the growing season. Tuher disc'oloration was 
recorded for eacli individual lot after harvi'st on October 5. 

The planting plan used in 1938 was similar to that of 1937. The 
three Fusarium species and four potato varieties wert; again included. 
Six replicated senes were included, all plant<*d on one date. 

In order to study more fully the «>ffec.t of environment on produc- 
tion of symptoms and on subsequent disc'ase development, two loca- 
tions were used in 1939. In addition to the plot at Madison, a plant- 
ini' was made at Starks, ‘Wis., near Rhinelander, approximate! v 200 
mues north of Madison. Planting in these two locations allow'cd 
for the study of the effect of two distinctly different environments on 
the development of the throe wilt diseases. The plot at Madison 
was set up to study the efft*ct of three methods of inoculation. Seed 
tubers of Irish Cobbler and Rural New Yorker were inoculated in 
three ways: By dipping freshly cut seed in fungus suspension, by 
using inoculated sou in paper bags along with the seed pioct>s, and 
by employing barley-kernel inoculum in the same manner. Uninocu- 
lated ana inoculated rows were randomised within each of three 
replicates. The individual row size was increased to 50 plants for 
each inoculation as compared with 10 plants used in previous years. 
The purpose of the larger sample was to obtain greater uniformity and 
to deteimine whether any bias had resulted from the smaller test 
rows formerly employed. 

In the plot at Starks six replicates each of Bliss Triumph and Rural 
New Yorker were planted. Inoculations were made in two ways: 
Bv dipping freshly cut tubers in a fungus suspension, and by the use 
of artincially infested soil. The plot was bordered on one side by 
grassland and on the other three sides bv summer-fallowed ground, and 
was isolated from any other potato fields by a distance of onc-^alf 
mile. 

All experimental plots were sprayed frequently throughout eadi 
growing season with bordeaux mixture and calcium arsenate. 
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SEASONAL DEVELOPMENT OF SYMPTOMS ON THE FOLIAGE 


Th(i rate of devolopment of toji symptoms appeared to be closely 
correlated with the extent of infection, and to bo favored by conditions 
conducive to rapid depletion of soil moisture. Wilt-disease readings 



Figurk 7. — The occurrence throughout the growing season of distinctive signs of 
the disease produced when four varieties of potato were inoculated with each of 
three wilt fusaria at Madison, Wis. 


wevi'i recorded in the inoculated and uninoculated rows as soon as 
positive symptoms appeared. The percentages of inoculated and 
uninoculated plants snowing symptoms on tlie foliage at various 
dates throughout the si^ason for each of 4 potato varieties and 3 

428S94— 41 2 
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species of Fusariutn in 1937, are shown graphically in %ure 7. Thus 
each curve is based on the data from 90 plants. All plants which did 
not emerge were counted as infected and because of the irregular 
appearance of symptoms, the results from three dates of planting 
were combined. The time of appearance of symptoms varied with the 
individual host plant and with the species of Fusarium concerned. 
Some plants displayed definite signs of the disease soon after emergence, 
while others remained apparently healthy until the approach of 
maturity. Inoculation with F. solani var. eumartii produced the 
earliest symptoms and consistently showed the greatest percentages 
of infection, while f. avenaceum and F. ox^sporum maintained a 
lower level of infection but caused a rapid rise in the number of plants 
showing symptoms late in the season. The symptoms of F. amrvaceum 
were better defined, and therefore the curve for that species is h^her 
than that of F. oxyspomm. F. solani var. eumatiii is clearly shown to 
be the most aggressive parasite as measured by both eaiiiness of 
disease development and by the percentage of plants affiwted in all 
varieties. The percentage of diseased plants in the uninoculated rows 
was uniformly low. 

^mewhat lower percentages of affected plants occurred with Bliss 
Triumph and Katandin than with Irish Cobbler. These differences 
are consistent with those discussed later on tuber discoloration in the 
same varieties. The lower percentages of infection recorded for Rural 
New Yorker are explained in part by the fact that in this variety, 
as well as in Russet Rural, symptoms often consist only of tip burning 
and dropping of the leaves. These symptoms were not distinctive for 
any individual species of pathogen and were not recorded, therefore, 
os positive signs of the diseases concerned. 

To demonstrate the validity of the graph in figure 7, a measure of 
the time required for the appearance of symptoms, that is, the averse 
number of days to the appearance of symptoms was calculated, using 
the time elapsing between planting and the first appearance of symp- 
toms for each plant and giving a value of “zero days” to all nonemerg- 
ing plants and to plants which died within 1 week after emergence. 
Healthy plants, i. e., those showing no symptoms before maturity 
were given a value of 200 days. Low numbers, therefore, indicate 
eariy infection and symptom produ^iion, while higher numbers 
approaching 200 show that the plants were healthy throughout the 
season. If the foliage and tuber symptoms were closely correlated a 
statistical analysis of foliage symptoms would give results closely 
comparable to those obtained for the tuber s 3 rmptoms. 

The correlation between the time required for symptom appearance 
and the amount and severity of tuber symptoms is shown in . table 5. 
A negative correlation {r2—~0.27) was found between the days re- 
quires for symptom expression and the percentages of tubers showing 
qmiptoms. For the correlation of days and disease index a significant 
correlation value was obtained (ri— — 0.79). The difference between 
the two correlations (Z*— Zi=0.79±0.47) was significant. These 
relationships show that days and index values were simificantly more 
comparable than were days and percentage values. In other words, 
as the time required for primary-symptom expression increased, there 
was correspondingly less tuber infection and the severity of the latter 
idecreased. It wul bo noticed that the inverse relationship for days 
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as compared with the amount and degree of tuber infection is main- 
tained m general throughout tables 5,7, and 8. Analysis of variance of 

Table 5. — Correlation of the time required for the production of foliage symptoms 
with the percentage and index of tuber discoloration at Madison, Wis., 19S7 ^ 


Species of fvmrium and potato variety 


F. uvenaceum: 

Bliss Triumph 

Irish Cobbler 
Katahdln .... 

Rural New Yorker 

F. solani var. eumartii: 

Bliss Triumph 

Irish Cobbler 

Katahdin . . . . _ . 

Rural New Yorker 
F. oiysporum: 

Bliss Triumph 

Irish Cobbler 

Katahdin .. 

Rural New Yorker 

Total.... 



Average time 
required for 
symptom ex- 
pression 

Vascular discoloration 
of the tubers 


Days 

Disease 

index 

Percent 

. 

126 

3 

11 



96 

10 

31 


142 

5 

19 


l.‘U> 

17 

51 


85 

36 

47 


64 

53 

70 



92 

36 

55 


108 

38 

61 


171 

3 

12 


144 

7 1 

24 


142 

4 

19 

■ - 

176 

12 

43 



1,482 

224 

443 


> fi of days and index - 0.79; n of days and i)en*ent * — 0.27. ~ Zi « 0 79 ±0.47. At the 

5>percent level of signiflcanco, for 10 degrees of freedom » r » 0.58. 


the values for tli(‘ number of days to symptom expression gave significant 
difl'erences similar to those found when the data on tuber symptoms 
wen* analyzed. 

Th(* above correlations (table 5) were derived to ascertain the general 
association of foliage symptoms wdth the amount and severity of 
tuber symptoms. It cannot be* concluded that th(*se relationships were 
always constant, since the type of symptom expressed was influenced 
by the effect of the species of Fiisarium, variety of potato, and by 
several factors of the environment. These variations arc discussed 
elsewhere in the t(*xt . 


DEVELOPMENT OF SYMPTOMS IN THE TUBER 

Vascular discoloration of the tubers from infected plants was used 
as the criterion for measuring the effect of the various inoculations and 
treatments, and while it did not always indicate tuber infection, 
the association of stem infection and foliage symptoms with tuber 
discoloration was definite. The amount of the latter arising from 
chance contamination by fusaria or other causes was estimated from 
the controls which were placed in one row out of every four throughout 
the plots. The differences between uninoculated and inoculated lots 
were ascribed, therefore, to the action of the particular species of 
pathogen used in the inoculation. 

The extent of vascular discoloration in each lot of tubers was 
recorded in four arbitrary grades as foUow^s: Clean — no vascular brown- 
ing beyond % inch fro'm the point of stolon attachment; slight — 
discoloration of all vascular elements up to }i inch, or of several 
strands up to 1 inch; moderate — all elements discolored % to 1 inch 
from stolon attachment or a few strands farther than I inch; severe — 
greater degrees of infection than the moderate grade. The per- 
centages of tubers showing symptoms were determined for each lot 
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and the indic(?s of vascular discoloration were calculated on the basis 
of the following class weights: 0 — clean, 1 — slight, 2 — moderate, and 
5 — severe. There was a definite correlation between the percentage 
of diseased tubers and the tuber-disease index, but the latter was 
a better measure of severity of infection of the tuber and it correlated 
more closely with the foliage-symptom index already presented in 
table 5. 

Th(‘ influence of the method of inoculation on the development of 
tuber discoloration as expressed by the disease index is shown in table 
6. Among the three methods used in 1937 no appreciable difrerence 
was noted with t\ oxysporum^ the fresh-cut method was somewhat 
bettor in the case of F, avenaceum, while the plugged method was 
definitely inferior to the other two in the case of F. solani var. eumarti}. 
This is not in accord with the greenhouse inoculation experiments 
(table 1 ), where the fresh-cut method gave consistently a higher tuber- 
disease index for each species than did the presuberized method. In 
1939 the fresh-cut method was compared with methods in which in- 
oculated soil and inoculated barley, respectively, were used. The 
former of these lesulted in the highest tuber-disease ind(*x with each 
species, although in the case of F. avenaceum and F. orysjmrvm the 
differences were not great enough to be significant. 

Table 6 . — The effect of method of inoculation upon development of tuber symptoma 
as expressed by the tuber-disease index ^ Madison^ Wis,, 1987 and 1939 


Disease development in tul)ers from plants 
inoculated with - 




! 

r- 




\ 1 ninoi 

'umieti 

Method of i nm^uhit Ion 

1 

F avenaemm \ 

i 

1 F oiyapmu m 

1 1 

! F solani var 
i enmartu 




1937 

r 

1939 

i 

i9;i7 : 

1 

1 

1939 1 

1937 

1939 

1937 

1939 


Diteaw 

Disease 

Disease 

Disease 1 

Diseau 

1 ! 

Disease 

! 

Disease 1 

i 

Disease 


index 

index \ 

index 

index 

indet 

index 

index 

index 

Plugged . 1 

a3 


7 2 

1 

28.9 


0.8 


Presuberized 

7.8 


6.6 


1 44 9 


2.1 


Fresh-out j 

11.5 

9.3 

6.3 

10.3 , 

48. 5 

26.9 

1.3 1 

3.8 

Tuoculated%Hoil ... _ i 


12.9 


11.8 

1 

41.0 


5.9 

In(X»tlated-barley . . . ' 


10.6 


10 7 1 


31.7 1 


8.5 

i 

Average . j 

8 5 

10.9 


10.9 

1 1 

40. 8 

32.9 

1.4 j 

; 6.1 


Goss (8) reported that early planting increased tuber infection by 
fusaria in the field. The difference in infection between planting 
dates in 1^37 was measured by the average number of days required 
for the appearance of foliage syniptoms, by the percentage of diseased 
tubers, and by the tuber-disease index (table 7). Significantly greater 
infection was produced by planting inoculated seed-pieces on May 25 
than on June 9. No difference in the time required for foliage-symp- 
tom production appeared between the planting of Jime 9 and that of 
June 22, although significant differences between these dates in per- 
centage and severity of the tuber symptoms did appear. It is ap- 
parent that the influence exerted by F. solani var. eumartii is respon- 
sible for the differences obtained between the averages of the first two 
dates of planting. A marked decrease in the amount and degree of 
infection with all three pathogens was found at the last planting date. 



Table 7. — The effect of three planting dates on symptom prodncUon by potato plants inoculated with three different species of Fusarium ^ as 
expressed by the average number of days required for appearance of symptoms on the foliage ^ the percentage of diseased tuberSy and the disease 
index of tubers ^ Madison , Wis ,, 1937 

(Each figure represents the data from 120 plants] 
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The differences in tuber discoloration between varieties of potato 
are shown in table 8. It is apparent that the expression of foliage 
symptoms (fig. 7) and the amount and severity of tuber symptoms are 
inversely related. Early foliage symptoms are found on Irish Cobbler; 
Bliss Triumph and Katahdin varieties showed symptoms later in the 
season. The atypical foliage ^mptoms on Rural New Yorker made 
accurate recording difficult. Two definite levels of tuber infection 
were found. Irish Cobbler and Rural New Yorker were more severely 
affected than were the Bliss Triumph and Katahdin varieties. One 
early-maturing and one late-maturing variety were included in each 
group. Previous observations vmder natural field conditions had 
mdicated that the late-maturing varieties were more subject to disease 
attack, while the early potatoes appeared to be more resistant or 
escaped the disease. In the light of these results, the slight difference 
in resistance between varieties is a function of the individual variety 
and is not dependent on early or late maturity. The tendency of 
the early varieties to show very little of the fusarium wilt diseases in 
Wisconsin is probably due to the fact that they escape the period 
of most favorable environment for exmession of symptoms, which 
normally occurs late in the season. The differenct's observed be- 
tween varieties are in agreement with those reported by Goss (7), 
who found Bliss Triumph to be more resistant to solmd var. 
eumartii under field conditions than was Irish Cobbler. 

Notes were taken previous to maturity on the amount and severity 
of stein and tuber discoloration in individual plants of Bliss Triumph 
and Irish Cobbler varieties. Tabulation of these data pemed to 
indicate a relationship between stem and tuber discoloration. Cor- 
relation of these values on a percentage basis is shown in table 9. 
Positive correlations were found for Irish Cobbler, r = -1-0.75; for 
Bliss TOumph, r = -1-0.49; and for the total, r — -fO.OS. The values 
for Irish Cobbler and the total are significant, but the difference 
between those for Irish Cobbler and Bliss Triumph is not significant. 
The percentage and severity of stem infection, as the plants infected 
with F. avenaceum and F. o^sporum approach maturity, is commonly 
greater than tuber infection. With F. solani var. eumartii, per- 
centages and indices of stem and tuber infe{*.tion more nearly approach 
the same level. A definite association of foliage symptoms with 
stem discoloration exists. Individual stems showing aerial symptoms 
or wilting toward the end of the growing season were usually found to 
show discoloration of the vascular elements in the below-ground por- 
tion of the stem. From the data presented above, one may assume 
that vascular discoloration of the tubers is an adequate measure of 
infection where statistically significant differences are obtained foUow- 
ing field inoculations. 

The data discussed so far with reference to the occurrence of tuber 
spnptoms in field experiments were collected in 1937 and 1939. 
Those collected in 1938 were not included because a severe epidemic 
of late-blight tuber-rot in the experimental plot made the analysis 
of results difficult. A tabulation of the rotting observed in various 
lots showed the differences in results between varieties of potato but 
not between the fungus specie and controls. For this reason. Rural 
Nw Yorker was not included in the analysis, and Irish Cobbler, 
Bli% Triumph, and Katahdin were treated separately. 
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Table 9. — Correlation of the percentages of stem and tuber infection on two 

varieties of potato * 


fEach fl(rur(‘ n'prescnts the data from 30 planJsJ 



Irish Cobbler 

Bliss Triumph 

S|MH‘ies of pathogen and j 

method of inoeulation 

Vascular discoloration 

Vascular discoloration 


In stems— 

In tulHjrs— 

In stems— 

In tubers— 

F. oxysporum: 

Percent 

Percent 

Percent 

Percent 

Fresh-cut _ . 

83 

22 

15 

30 

Prosuberi*ed- . . 

52 

35 

37 

17 

Plugged . . 

59 

43 

25 

8 

F. solani var. eumartit 




Fresh-cut . , . .... 

1«) 

82 

87 

89 

Presuberized . . . .. 

94 

80 

86 

66 

Plugged - 

100 

77 

79 

39 

F. avenaceum’ 





Fresh-out 

94 

59 

87 

28 

Presuberized. 

83 

50 

93 

18 

Plugged 

65 

27 

58 

7 

Total 2. _ . 

730 

475 

667 

1 

302 


> rj for ('obbler » 4'0.7.'j, rj for Triumph « +0 49, n for fotal »* +0 (iil. At the 6-peroent level of 
slgnifleaDCC for Jtt® of freedom, r *.47, 7“ of fret'dom, r«.67. 

2 (Jrand total for vascular discoloration in stems, 1,297, in tub(‘rs, 777, 

Statistical calculations on the percentage and index of tuber infec- 
tion showed that F. solani var. eumartii produced significantly more 
infection than did the other species, wlu'reas there was no significant 
difference between avenaceum wilt, oxysporum wilt, and the con- 
trols. Since it was possible that the variations caused by late blight 
rot W('re masking the differences, a square-root transformation analysis 
was calculated, in which the square root of the percentage value for 
each lot was extracted and an analysis was computed from these 
values (table 10). No attempt will be made to prove the validity of 
such calculations on these data, but transformation analyses have 
been successfully used to demonstrate the significance of small differ- 
enci's occurring betw^een samples when these differences were over- 
shadowed by other samph‘s with higher values (3). F, solani var. 
eumartii again showed significant differences in infection throughout. 
Wlien transformation values were compared, the percentages of dis- 
colored tubers from Katahdin plants inoculated wdth F. oxysporum 
and from Irish Cobbh'r plants inoculated with F, avenaceum were 
significantly greater than those from uninoculated plots. 

Table 10. — The averages for the percentages and square-root transformation of 
vascular discoloration produced by the three species of Fusarium on three varieties 
of potato at Madison^ ir/'*., 19S8 * 


[Each figure represents the data fn>m 120 plants] 


Potato 

variety 

Inoculated with— 

Unmoculated 

Average 

F. avenaceum 

F. solani var. 
eumartii 

F. Qxysimrum 

Bliss Triumph . 

Irish Cobbler 

Katahdin 

Average. .. 


Percent 

14.2 

15.3 
9.2 

■Jn 

7.84 

8.08 

4.88 

Percent 

63.0 

65.8 

30.8 1 

Viv 
4.27 
3.52 1 

3.79 

3.80 

Percent 

18.5 
13.2 

13.5 

Vn i 

3.49 1 
1 97 

1.50 

Percent 

12.8 

8 0 
4. 7 


Percent 

27.1 

25.6 

14.5 

3.30 

12.9 

6.93 

53.2 

15.1 

2.32 

8.5 


- “ - 


» The differences required for significance between Fusarium species and controls at the 6 percent level for 
percentages in Bliss Triumph is 13.8, Irish Cobbler 11,1, and Katahdin 18.0: for VAT, 1.0 between Fusarium 
species and controls, 0.9 between varieties and 1.7 (variety Xspecies) for comparing si^ecies with each other 
or with the control within a variety. 
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RELATION OF ENVIRONMENT TO DISEASE DEVELOPMENT IN THE FIELD 

Soil and air temperatures and rainfall were studied in relation to the 
seasonal development of the three diseases. In 1937, the daUy mean 
air temperature was at or above 24° C. for a period of 38 days, July 11 
to August 17 inclusive, and the daily mean soil temperature for the 
same period was at or above 26°. There was a close correlation be- 
tween soil and air temperature. 

A direct relationship appeared to exist in which temperature, soil 
moisture, and the amount of infection directly influenced the rate of 
increase in the severity of symptoms. The effect of environment, 
while one of predisposition to infection, could not be measured on 
noninfected plants, and since infection did not occur on all inoculated 
plants, there seemed to be an element of chance involved in infection 
and the degree of disease development in the individual plant. The 
symptoms on one plant, however, ultimately reached the same level 
of severity as that on any other plant affected by the same disease. 
It was in this changing picture, rather than in the percentage of inf(*c- 
tion, that the effect of environment was most apparent. 

Low soil moisture, together with high soil and air temperature 
following infection, increased the severity of disease symptoms and 
resulted in the rapid collapse of the individual diseased plant. The 
intervention of a light rain, even though the temperature remained 
high, extended the period between the first visual symptom and 
death. These phenomena may be influenced by the rate of transpira- 
tion of the plant and the amount of available moisture. 

Soil and air temperatures were low in 1938, and periods of rain and 
cloudy weather were more frequent and more evenly distributed than 
in 1937. The foliage symptoms of the oxysporum and avenaceum 
wilts were not distinct. Eumartii wilt, on the other hand, displayed 
early definite symptoms, and continuous symptom expression oc- 
curred throughout the season, although the number of infected plants 
in 1938 was not so great as in 1937. 

Foliage-symptom development at Madison in 1939 was intermediat<‘ 
between that found in the 2 previous years. F. solani var. eumartii 
consistently produced symptoms of interveuial chlorosis of the apical 
leaves, followed closely by leaf-burning, and dropping of the lower 
leaves. Plants affected by F. avenaceum and F. oxysporum showed 
only severe leaf-burning in the more advanced stages of the respective 
diseases. These effects were not generally discernible from drought 
or leafhopper injury and no definite differences in symptoms could be 
detected between tbe two fimgus species. The effects, however, were 
decidedly more pronounced on the inoculated plants than on the 
control plants. The progression of disease on tne individual plant 
was apparent, as in former years, and resulted in premature death. 

In the study of the three inoculation methods, the earliest expres- 
sion and most rapid increase in severity of foliage symptoms were 
observed where the bafley-kemel inoculum was used.' The infected 
plant was killed in a shorter time after the presence of the disease was 
indicated. Infection from inoculated soU was not as rapid nor as 
severe while the dip inoculation produced the mildest type of infection 
as measured by foliage symptoms. 

The temperature at Rhinelander in 1939 was consistently lower Uian 
at Madison when the mean daily temperatures of the two locations 
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lu-o compared (fig. 8). Tin* daily minimum, or night temperature, at 
Rhinelander was gemu-ally 8° to 10° C. lower than at Madison, while 
the daily maximum, or day temperature, was similar in the two 
locations. These facts accounted for the similarity in the trends of 



mean daily temperatures for the two environs, and the lower daily 
means at Rhinelander. It is possible that the lower mean tempera- 
ture and tlie greater daily fluctuation found at Rhinelander were 
largely responsible for the different symptoms produced in the northern 
plot. 
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The infected plants at the northern location showed varying symp- 
toms of yellowing and burning of the leaves throughout July and early 
August. When notes were taken on August 12, however, there was a 
marked change in symptom expression. Numerous infected plants 
of both Bliss Triumph and Rural New Yorker varieties had taken on 
the characteristic purple-top appearance. There was an upward 
rolling of the leaf-margins, accompanied by a harsh, almost leathery 
texture of the leaves. The axillary buds were stimulated into the 
formation of aerial tubers (figs. 2, 3) which were deep red to purple 
in color. The adjacent stems and petioles were abnormally thickened 
and frequently carried traces of the red or purple coloration, as did 
the apical leaves of infected plants. Aerial tubers were not produced 
by infected plants at Madison in 1939 nor in previous years. 

The 2 weeks preceding August 12 at Rhinelander were characterized 
by several showers, ending a period of relatively high temperature 
and low moisture (fig. 8). The average temperature at this time 
showed a downward trend which was a result of the lower night temper- 
atures. It is possible that the high soil moisture accompanied by 
cooler temperature is responsible for the production of purple-toj) 
symptoms on the plants. Similar symptoms appeared in commercial 
potato fields of this region at the same time. 

The differences between the Fusarium species in their symptom 
production at Starks, in the northern part of Wisconsin, are seen in 
table 11. Eumartii wilt produced the most severe leaf burning and 
wilt, while the yellowing and tip burning in plants affect<*d by av(>na- 
ccum wilt and by o.xvsporum wilt were greater than in the control 
plants. A small number of plants infected with F. solani var. eumartii 
and F. oxysporum produced purple-top .symptoms, and a limited 
number of such plants were found in the control rows. Avenaceurn 
wilt produced the greatest number of plants exhibiting this symptom. 
All such plants evidenced 'fusarium infection of roots and stems, from 
which the respective organism was readily re-isolated. In a similar 
plot at Madison, in the southern part of the State, no symptoms of 
purple top were produced. 


Table 11. — The production of foliage and tuber eymptome or^ 2 varieties of potato by 
3 species of Fusarium at Sto^^Sf Wis,, 1939 


[Each figure represents 150 plants] 


Species of Fusarium and variety imtato 

Plants showing foliage symptoms 

Wilt or severe leaf 
burning 

Purple-top 

symptoms 

Aug. 12 

Sept. 3 

Aug. 12 

Sept. 3 

Bliss Triumph: , 

F. sotani var. eumartii 

Percent 

82.5 

03.0 

88. 0 

24.6 

79.7 
81.9 

24.0 

12.0 

Percent 

Percent 

4.4 

28.6 

11.8 

3.6 

9.3 

43.2 

5.8 

3.6 

Percent 

F, offenaceum 

F, (ovsporum 

Uninoculated controls 





Bural New Yorker: 

F. s6lani var. eumartH .. 
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The plants showing purple-top symptoms sometimes evidenced a 
tendency to set underground tubers close to the stalk of the plant. 
In other such plants, normal tuber sotting was found. Tubers from 
the infected plants displayed vascular discoloration and infection 
simihu' to those found in the plot at Madison and with natural infec- 
tion in the field. The relation between the three fungus species in 
their ability to cause tubei* infection at the Starks plot was similar to 
that found at Madison in 1939 and in previous years. 

DISCUSSION 

Examination of the literature discloses many potato disorders 
which produce siniilar macrosopic and microscopic effects on the host 
plant. In a review of leaf roll and associated troubles, Orton in 
1914 (15, p. 19) stated, “The literature on leaf-roll has become so 
voluminous that few will undertake to peruse all the cx)ntributions, 
which arc, indeed, of very uneven merit, and anyone who attempts it 
is likely tx) emerge with his concepts of the disease more confused and 
hazy than at the start. Since tliat time the symptoms and modes 
of transmission of the virus disease knowu) as leaf roll have been defined 
more fully and the distinction of this disease from others with which 
it has symptoms very much in common has been more fuUy recognized. 
The history of the term “ Blattrollkrankheit” has been ably reviewed 
by P(‘thy bridge (16*). In recent years, psyllid yellows has been dis- 
tinguished as a member of the same symptom group, while another, 
the ring rot disease [Phyto7nonas sepedonica (S. & K.) Bergey et al.j 
is receiving an increasing amount of attention in this country. 

Since a common host reaction is displayed when any one of a number 
of stimuli is present in a favorable environment, it is not surprising 
that quite similar symptoms are reported in association with many 
unrelated causal entities. It is probable that other weak parasites, 
possibly other species of Fusarium not yet described on potato, are 
capable of causing similar host reactions when conditions of environ- 
ment favorable for infection are followed by temperatures and soil- 
moisture conditions which promote the expression of such sympU)ms. 
The disease with which F, avenaceum is associated is similar in its 
symptoms to several other diseases but it also differs from them in 
certain respects. 

The foliage symptoms produced by the wilt diseases served as one 
method of measuring infection. Increase in severity appeared to be a 
function of the relation between the amount of infection in a plant and 
climatic conditions which hastened the depletion of soil moisture. A 
visible association between foliage symptoms and the amount of 
infection within the stem and roots appeared. A relationship also 
existed between the amount of stem infection and the amount of 
vascular discoloration in the tubers. 

The time of appearance of foliage symptoms was also used as a 
measure of disease incidence. The average time which elapsed between 
inoculation and the expression of symptoms was treated statistically 
and was found to express the same relationships between various 
tests as did the data obtained from records on the vascular discolora- 
tion of the tubers. Vascular discoloration of tubers as expressed by 
the tuber-disease index appeared to be a reliable method of expressing 
the differences between the rates of disease development in the test 
treatments. 



522 


Journal of Agricuttural Research 


Vol. 83, No. 9 


Goss (5, 6, 8) has mphasized the fact that F. solani var. eumartii is 
a more aggressive parasite on potato than is F. o^sporum, and ho 
states clearly the difference between the pathogenicity of these two 
species. In the field experiments reported in this paper these species 
together witli F. avenaceum have received identical treatment in the 
experiments upon methods of inoculation, dates of planting, and the 
host varieties tested. Disease records were taken at the same time 
and in the same manner, and the inoculated plants in any one series 
were subjected to identical conditions of environment throughout. 
The individual inoculations wore randomized within replicated blocks 
to minimize any bias and to reduce the error involved in the accumu- 
lation of data. 

The effect of tlie pathogenic species on the production of potato wilt 
and tuber discoloration is seen throughout the tabular presentation of 
the results of three seasons’ work (tables 5 to 11, inclusive). Inocula- 
tion with any one species has resulted in a greAter amount of vascular 
discoloration of stems and tubers than was found in the uninoculated 
plants. The small amount of natural infection in the control plants 
did not interfere with the statistical treatment of the data nor with 
the comparison of the three species of wilt pathogens. The relation 
between the diseases caused by the species of Fusarium and the control 
plants was the same when measured by 50-plant samples in 1939 as 
by 10-plant samples of the two previous years. 

Inopulation with F. solani var. eumarth resulted in the early appear- 
ance of foliage symptoms, a high rate of plant mortality, and a high 
percentage of severely infected tubers. The percentages and severity 
of foliage and tuber symptoms were consistently greaU'-r, and were 
frequently double that exhibited by plants inoculated with F. oxy- 
sporum or F. avenaceum. Eumartii wilt was influeiiced most by dif- 
ferent dates of planting, by different methods of inoculation, and by 
the varieties of the host, plant ustal, although similar trends were 
recorded for avenaceum wilt and oxysporum wilt. F. solani var. 
eumartii is capable of attacking the host plant under conditions of 
moisture and temperature which are optimum for the development 
of the host. 

F. o^sporum was a less aggressive parasite than F. solani var. 
eumartii and the effects of oxysporunr wilt were apparent later in 
the growing season. In this respect and in otlicr ways, F. avenaceum 
and F. oxysporum were similar. Both aveiiaceum wilt and oxysporum 
wilt are late-season diseases in Wisconsin, and both produce the 
great^t wilting effect on the host plants either during or following 
a period of hot, dij weather. F. avenaceum and F, oxysporum were 
similar in infectivity when the diseases were measured by foliage 
symptoms or by the percentage and severity of discoloration in the 
tubers. No significant statistical differences were found between 
the disease eflfects produced by these two fungi. Infection in the 
control plants was consistently lower and infection by F. solani var. 
eumartii was always higher than that produced by either avenaceum 
wilt or oi^sporum wilt. 

The similarity of behavior of F. avenaceum and F. oxysporum ob- 
served throughout this series of experiments is of interest when the 
growth-temperature relationships of the two fungi are considered. 
A difference of 6® to 8® C. was found for the optimum growth of the 
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two species on artificial inc'dia* However, the conditions of tempera- 
ture and moisture which favon^d infection and disease development 
were similar for the two pathogens. 

Differences found between inoculation methods could generally be 
correlated with the abundance of fungus inoculum near the roots of 
the potato plant. The. (^fl Vet of allowing the se(‘d piec(*s to heal before 
inoculation was not as great as was to be expected and did not influ- 
(‘nce the perc(»niage of diseased tubers. Th(» severity of disease in 
the tubers was greatest and foliages symptoms appeared earliest when 
ped pieces were inoculated by dipping in a spore suspension or when 
inoculated soil or inoculat(‘d barley kernels wer(‘ placed in prox- 
imity to th(‘ seed pi(*C(» at the time of planting. 

Early death of the plant due to seed-piece infection by wilt fusaria 
was not found commonly under Wisconsin conditions. This effect 
was obs('ryed only when a large amount of inoculum was placed in 
contact with the seed piece. Favorable soil moisture and tempera- 
ture^ at planting time probably aid in the formation of wound cork 
and allow tlie plant to bt'come established to the extent that seed- 
y)iece infe(‘tion do(‘S not result in early de^ath. 

The effect of diflVrent planting dates on the* incidence of the wilt 
diseases may be partially accounted for by the favorable influence of 
the moist soil early in tlu' setison. Cool soil temperatures were es- 
j)ecially favorabh' to inf(»ction by F. mlarii var. eumartii at the early 
planting date, while soil moisture had decri^ased and soil tetjipera- 
tures had increased at the later dates of planting. 

Tin* differences betw(»('n potato varieties in the amount of wilt 
obs<*rved is in agi’eement with previous reports in th(' literature. 
These diffenuicc's may vary, however, with the environment, since 
(‘hanges in date of planting aful harvest, recording the disease data, 
and other factoi*s may influence differently tin* level of infection de- 
termined for each variety. 

Leaf rolling, reddening and rose! ting of the foliage, and production 
of axillary ac'iial tub(TS are common with avenaceum wilt in north- 
ern Wisconsin. Tln*S(» effects are not usually observed in the southern 
part of the State. Cool night temperatures or a fluctuating daily 
temperature appear to play some part in the production of the^se 
purple-top symptoms when the soil moisture is sufficient to prevent 
rapid d(*siccation and wilting of the inf(*cted plant. 

SUMMARY 

Numerous diseases of potato have been describinl, tin* symptoms of 
which exhibit striking similarity to the various stages of the wilt 
diseases caustnl by Fmarium avenaceum. The symptoms of avena- 
ceum wilt arc compan'd with those of other diseases, including 
eumartii wilt and oxysporura wilt. F, avenaceum is compared with 
both F, orysporum and F, solani var. eumartii throughout the paper. 

A strain of F. avenaceum isolated from diseased potato plants was 
capable of infecting and producing vascular discoloration of the roots, 
stems, and tubers of inoculated plants under both greenhouse and 
field conditions. Several single-spore lines of this culture differed 
sli^tly from each other in their attack on the host plant. 

Penetration of the roots oex^urred rapidly when inoculated with 
each of the three pathogenic species. Hypliae of each of the fungi 
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were found in the roots and lower stem infected plants. The mycelia 
of F. ojyswrum were closely confined to the xylan vessels of the stem; 
those of F. avenaceum occurred abundantly in both the vascular and 
cortical tissues of the lower stem, while the mycelia of F. solani var. 
eumartii were most abundant in the stem cortex. Heavy-walled 
xylem cells filled with a dense ^anular deposit and disintegration of 
certain cells of the phloem and xylem of the stem were found to be 
associated with infection by each of the three pathogens. Abnormal 
effects in the host tissues in advance of fungal evasion were greatest 
in plants inoculated with F. solani var. eumartii. 

The air temperatures which favored optimiun growth of potato 
and of the stram of F. avenaceum used were found to be between 20° 
and 24° C. A higher soil temperature (28°) was most favorable for 
infection of the potato plant. A moist condition of the soil, with the 
water-holding capacity maintained at 50 per Mnt, was more con- 
ducive to infection than were either dry or wet soils with the moisture 
capacity at 30 or 70 percent, respectively. 

Inoculation of the seed pieces at planting time was used successfully 
to induce development of the three wilt diseases in the field experi- 
ments. The effects of various treatments were measured by the 
time required for foliage symptoms to appear and the seventy of 
tuber symptoms. These two criteria of infection were treated statis- 
tically. Differences occurring between methods of inoculation ap- 
peared to be closely correlated with the amount of inoculum m 
proximity to the plant. 

Irish Cobbler and Rural New Yorker varieties were more suscep- 
tible to attack by the wilt fungi than either Bliss Triumph or Katahdin. 

Early planting of inoculated seed pieces resulted in a greater per- 
centage of infection and in more severely diseased tubers than did 
late planting. 

Eumartii wilt was the most aggressive and resulted in the greatest 
percentage of severely infected plants. F. avenaceum was similar 
to F. oxysporum in the percentages of infection, the severity of disease, 
the time of appearance of foli^e symptoms, and the temperature 
most favorable for infection. The two pathogens differed slightly 
from each other in their temperature requirements for growth and 
the symptoms produced on infected plaffts. 

Infected plants at Starks, in the northern part of the State, displayed 
leaf rolling, reddening and resetting of the foliage, and aerial tubers 
in the axils of the leaves. This type of symptom was not pronounced 
in a similar plot at Madison in southern Wiso^onsin. The greatest 
percentage of plants showing purple top resulted from inoculation 
with F. avenaceum, some were found associated with oxysporum wilt, 
but few with eiunartii wilt. 
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MICROBIAL RESPONSES TO ORGANIC AMENDMENTS 
IN HOUSTON BLACK CLAY ' 


By Roland H. Miti’HELl, ageni^ Division of Soil Microbiology ^ Jameb E. Adams, 
soil technologist^ Division of Cotton and Other Fiber Crops and Diseases^ and 
Charles Thom, principal mycologist in charge^ Division of Soil Microbiology^ 
Bureau of Plant Industry ^ United States Department of Agriculture ^ 

INTRODUCTION 

King {5f and various colleaguos in a S(*rios of paptu-s reported the 
control of cotton n)ot rot (Phymatotrichnm omnicornm (wShear) Dug.) 
by the application of large amounts of stable manure to irrigated plots 
of alkaline soil in Arizona. Preliminary results, especially those 
obtained by the use of Cholodony slides (6*), pointed to great increases 
in the microflora of the soil as accompanying, perhaps causing, the 
reduction in growth and activity of the root i*ot fungus. Sincci the 
same disease has produced losses in the cotton crop running into 
millions of <lollars each year for over half a century in Texas (.9), 
study of soil microbiological aspects of the problein uiuhu* Texas 
conditions was necessarv. 

The soils infested with the root rot organism in Te.xas belong to th(‘ 
Houston series and related soil types. These soils constitute the black 
land prairie areas of Texas; they are alkalim* in reaction, ranging from 
about pH 8 to 8.5 or even 8.7. They form a gioup of highly colloi- 
dal and close-textured calcaiwus types, with high moisture-holding 
capacity and with a tendency to become very hard and to crack in 
dry periods. Thus they present a pronounced contrast to the northern 
ami (‘astern soils, wdiicli have formed the basis for most studies of the 
microbial floras of American soils. 

Microbiological studies of Houston soils, exclusive of those dealing 
with the distribution of the Phymaioiriehuin fungus, have Ix’sen limitc'd. 
\Verk(Mithin (Z^) isolatinl and identifii^d someof the saprophytic molds 
of the Austin region; Morrow' et al. (S) isolated and identified the mold 
flora of anotluT area; Williams (i5) noted some bacterial contents of 
virgin and cultivated soils; and Lewis (7) det(‘rmined the distribution 
of green fluor(‘SC(‘nt bacteria in sev(‘ral Texas .soils, including Houston 
clay. As a backgmund for planning furtlmr experinuMitation with 
tlu'Se difficult soils, a comparative study of microbial floras under 
environmental conditions present(*d by certain sedected plots in 
cot ton fields is reported here. 

EXPERIMENTAL PROCEDURE 

Fitdd-soil samples wtue taken periodically from Novembi'i* 11, 1987, 
to December 15, 1938, from plots under diffenuit typ(‘s of crop man- 

> Recplvod for publication April 2, liHl. The inicrobioU»gical studies rejK)rt<Hi form a part of a thesis 
submitted by the senior author in port ial fulflllnicnt of thcriHiuircmcnts for the dopriH' of doctor of philosophy 
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agement. Two of the three plots chosen for study were from an ex- 
periment designed for comparing the effect of turning under a second 
crop of sorghum with the effect of continuous cotton cultivation upon 
the incidence of root rot of cotton. These plots were located in 
^il Fertility's * experiment No. 32 on Blank’s plantation, near Lock- 
hart, Tex. Sorghum residues, turned under on October 25, 1937, 
were estimated at about 3,000 pounds, dry weight, per acre. A third 
plot was chosen from another Soil Fertility experiment on the Voelker 
farm near Kimbro, Tex., on which cowpeas were grown in 1937 and 
th(‘ entire crop turned under on October 18, 1937. The area canying 
cowpeas had not b(‘en selected for this experiment at the time the 
crop was turned, so the amount of material turned is not known. 
The growth was good. All three plots were cropped to cotton in 1938. 



Figure 1. — Soil moisture, as determined by air-drying, for the 4-inch levels of 
soil receiving continuous cotton cultivation, and sorghum- and cowpea-residue 
amendments. 


Soil samples were collected from approximately 4-inch and 12-inch 
levels; each soil sample was a thoroughly mixed composite of rouglily 
equivalent soil portions taken from four separate locations. Soil and 
air temperatures were taken at the time of collection of field samples. 
Cultures were mad(^ from moist soils as soon after collection as prac- 
ticable. The total number of micro-organisms was determined from 
Pe tri-dish cultures on sodium albuminate agar; the number of acti- 
nornycetes on glycerol nitrate-soil extract agar; and the number of 
filamentous fungi on acid-dextrose-peptone agar. Spores of aerobic 
bacilli were determined by plating out the appreciate dilutions on 
nutrient beef agar after pasteurisation at 80° C. for 10 minutes. 
Quantitative estimates of blue-green fluorescent bacteria were made 
by the dilution-tube method, on an asparagine medium, and the most 
probable numbers were determined from the tables of Halvoi-son and 
Ziegler (4). Soil moisture (fig. 1) was determined by air-drying 
100-gm. portions of moist soil; the observed loss m weight was ex- 
pressed as percentage of moisture in moist soil. 

RESULTS 

Population changes for various microbial groups found in Houston 
black clay at different seasonal dates and under different conditions 
of soil management are presented graphically in figures 2 to 6 for the 
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4-iiich level of sampling. The results obtained from samples taken 
at the 12-inch level followed the same general course. The numbers 
of micro-organisms were conspicuously Tower than those for the upper 
level. Although the figures were obtained and tabulated they are 
omitted here as not changing the significance of the studies made at 
the 4-inch level. 

TOTAL PLATE COUNTS 

The period of maximal activity for all plots, as indicated by the 
total counts (fig. 2), was found to begin in March and to end early in 
June. The greatest activity was shown in soil receiving organic 
residues. The liighest total counts in tlie plots receiving sorghum 
residues were 428.4 mUlion per gram of dry soil, and for plots receiv- 
ing cowpeas, 430.7 million, whereas the largest population observed 
in the continuous-cotton soil was 179.4 million. 



Fkjuke 2. — Total counts of micro-organisms in the 4-inch levels of soil receiving 
continuous cotton cultivation, and sorghum- and cowpea- residue amend- 
ments. 



Figure 3. — Counts of actinomycetes in the 4-inch levels of soil receiving contin- 
uous cotton cultivation, and sorghum- and cowpea-residue amendments. 
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Figure 4. — Counts of filamentous fungi in the 4-inch levels of soil receiving 
continuous cotton cultivation, and sorghum- and cowpea-residue amend- 
ments. 





Figure 5. — Counts of aerobic bacillus spores in the 4-inch levels of soil receiv- 
ing continuous cotton cultivation, and sorghum- and cowpea-residue amend- 
ments. 



Fiouee 6. — Counts of PaeudomonoB bacteria in the 4-inoh levels of soil receiving 
oontiimous cotton cultivation, and sorghum^ and cowpea-residue amendments. 
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The numbers of micro-orgarusms found in these samples of Houston 
black clay are greater than those generally reported in studies of soil. 
Waksman (IS) has report(‘d from 7 to 10 million total bacteria per 

f ram for rich garden and cultivated orchard soils in New Jersey; 
Irdman^s data {2) on Iowa Carrington loam reveal generally 7 to 15 
millions per gram; and Vandecaveye (12) reports from 3 to 20 millions 
per gram in his studi<*s on Palouse silt loams in Washington. 

FUNGI 

lln* fungi, like thc‘ bact(‘ria, show^ed extensive* in<*reases during the 
spring niontlis. This increase in fungus population became apparent 
(*arlier in the* s(»ason and continued lat(*r into tin* summer than did 
that of other microbial populations (figs. 2 and 4). The number of 
fungi ill the tliree soil tr(*atments studi<*d showed smaller differenc(*s 
according to type of soil management than did those of other groups 
of micro-organisms considered. 

ACTINOMYCETES 

lncr(‘as(‘d numbers of actinomycetes app(‘ar(*<l during the lat(‘ 
winl<*r period in all plots (fig. 3). In early March, the colony count 
p(*r gram of soil reached 47.5 million for the continuous-cotton soil, 
S9,5 million when* soi*ghum residin*s were added, and 59.7 million 
where the cowp(*as w(*re plowed under. The fluctuations shown in 
colony count of actinomyc(‘tes have not been (*xplained, but the totals 
involved are strikinglv great(‘r than those shown in previously reported 
studies (2. 13), 

In a subs<‘(iu(‘nt (»\p(‘riment at the Greenvilh* station, sorghum 
buried d(*eply in bundlt*s ov(*r which cotton was plant(‘d was dug out in 
the last we(»k of August 1939. As the area was broken open the odor 
of Acfinomyces was det<*rted strongly, and sorghum stalks only 

rtdt*compos('d W(*r(* powdeiy w^hite wdUi Actinomyces 8por(*s. 

* buri(*d bundles, tin* presence of open spaces or cracks was an 
obvious factor in tin* d(»velopment of powdeiy spore* masses. Tem- 
peratures in tlu* soil, 10® to 20® higlier than those found in northern 
and east(*ni soils, may be* an important factor in the totals found. 

SPORES OF BACIIXI 

Change*s in the* nuinl>e*r of spores of aerobic bacilli (fig. 5), under 
diffe*re*nf seasonal conditions and under differemt type's of soil manage- 
ment, parallel roughly the change's obseiwed for total microbial 
populations. Maxima were obtained during the* spring pe'riod; thus 
the* effi‘Ct of organic re'sidue*s w^as apparent. The maxima for uii- 
ame*nd(?d soil and for treatments with sorghum and cowpea residues 
were 31.4 millions, 132,4 millions, and 72.5 millions, re*spectively. 

The blue-green fluorescemt bactnria (fig. 6) show^ed response to 
added organic re'sidues during the latter part of the winter. Maxima 
obscrveHl for the sorghum- and the cowpea-residue amended soil 
were 3,400 thousands and 500 thousands, respectively, and for the 
unamended soil, 370 thousands. The first two values were observed 
in early March, and the last in early April. Like total bacteria and 
sporulating bacteria, Pseudomonas types show'ed depressed numbers 
during the summer and early fall months. 
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DISCUSSION AND INTERPRETATION OF RESULTS 

Study of figure 7, showing the general temperature relations through 
1 calendar year, shows that soil temperatures at the 4-inch level fell 
below 60° F. about December 1, 1937, and again reached 60° early in 
February, and 70° by March 1, 1938. At no time were freezing 
temperatures observed. Nevertheless, the cooler temperature shown 
would readily account for the fact that the total niunbcr of micro- 
organisms was static (fig. 2) from the latter part of November to the 



Fiourb 7. — Soil-teniperatiire readings for ttie -t-iiich levels of soil receiving 
continuous cotton cultivation, and sorghum- and cowpen-rcsidue anicndinents. 


early part of March. Very low moisture content in the latter part 
of July to October clearly correlates with low bacterial activity (luring 
that ptu'iotl. Such observations are in entire harmony with the 
observations of many workcirs {1,2,^. 9, IS). 

Comparison of figures 1, 2, and 7 shows a rather sharp fall of loni- 
peratures beginning about November 1, 1937, accompanit'd by small 
changes in bacterial population, as indicated by tlu^ <*oloiiy count 
in Petri-dish cultures. Although there was a differential rise in num- 
ber of actinomycetes during the winter months (fig. 3), the. total 
flora as shown by colony count (fig. 2) changi'd little Indore the t(;m- 
peraturo rose to 70° F. again early in March. Tlic! abrupt maxima 
reached in April and May can thendore be interpreted as tin? n'sump- 
tion of bacterial decomposition in the organic matter plowed under 
late in October. This activity would appear to have been arrested 
by the falling temperatures. The peak* number for the 4 spring 
months, reaching more than 400 million micro-organisms, represents 
the. normal rise whore such amounts of plant materials arc plowed 
under (compare Smith and Humfeld, 10, 11). It is noteworthy that 
in the plot receiving the residues from the pnwious cotton crop alone, 
the rise was simultaneous, even though the highest figure was some- 
what under half (179 millions) of that for the green crops plowed 
under. 

Transferred to Texas conditions. King’s hypothesis that the intro- 
duction of masses of organic matter would produce great microbial 
activity is fully confirmed. The numbers reported here from colony 
counts in Petri-dish cultures are strikingly higher even than those of 
Smith and Humfold {10, 11) from their composite samples, 

SUMMARY 

Curves for temperature, moisture, and microbial numbers were 
established for selected plots of Houston soil as a background for 
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studies in root rot control. As an environment for microbial activity, 
tli(‘ |)lots of Houston soil studic^d furnish the following striking features: 

(1) In a p<Tiod between early December and February the temper- 
atures reinain(*d b(‘low those* r(*quired for active microbial multiplica- 
tion, y('t without freezing. 

(2) T(‘mperatures ranged above 70"^ F. from March to Novenn- 
b('r, and from 80° to 90° from June to Octobe^r. 

(3) Bacteria and actinomycetes are much more* active and abundant 
than has been report(*d for nortluTn soils. Maxima for total colony 
counts in soils r<‘ceiving organic amendments reach 200 to 400 millions; 
actinomycet(*s at tiiiu's r(‘ach 50 and 90 millions to the gram. Such 
n‘S[)onses to addend organic nutriemts present a challenge to the worker 
to s(*arch for orgaruc m<*dia and agronomic practices capable of yield- 
ing a controll<‘d microflora. 
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SOIL BACTERIOLOGICAL STUDIES ON THE CONTROL OF 
THE PHYMATOTRICHUM ROOT ROT OF COTTON i 

By Roland B. Mitchell, agent. Division of Soil Microbiology, Dalton R. 
Hooton, assistant agronomisL Division oj Cotton and Other Fiber Crops and 
Diseases^ and Fuancis K, Clark, associate bacteriologist, Division of Soil 
Microbiology, Bn non of Plant Industry, United States Department of Agriculture ^ 

INTRODUCTION 

Search for iiK^tliods of control or elimination of tin* cotton root rot 
fungus {Phymaiotrkhvm omniromm (Slu'ar) Dug.) in the alkaline 
soils of ih(‘ Southw(‘st has alreacly continued for half a centur\^ The 
literature involved has recently hecui r(‘vi(*wed by R(‘a (IB)^ and by 
Streets (17). Nearly all of these discussions have bt»en from the 
viewpoint of plant pathology or agronomy. Garrett (7) included this 
disease* in his broad discussions of root-disease* probleuns. Obse*rva- 
tions pointing to a se)il microbiological factor began with Pammers 
( 14 ) e)bse*iwation that the incielemce of this disease* was le*ss('ned by 
libe*ral use* of stable* manure. Actual predication of soil micro- 
e)r*ganisins as a facteir in the conque*st e)f the disease* was offere*el by 
King anel his colleague's (8, 9) in a series e)f papeus upon the* manure 
tre*atme*nt of root rot ple)ts in Arizona, be'ginning in 1923 anel definitely 
proposing the* microbiole)gical inte*rpre*tation of such control in 1934. 
Se'tu'ch for antagonistic organisms e*ffe*ctive in the* cotton field has 
thus far prove*d futile* (Monow et al., 12 anel unpublishe*ei data), 
althe)ugh such e)rganisms are* re*aelily d(*monstrate*el in pure* culture. 
Up t/O the pre'sent, no antibiotic age*nt has been able to destroy or 
reaiele*r static a roe)t lot fungus already e*stablishe*d as a parasite in the* 
cotton plant. The* work eliscusse*d in this paper, the*r(*fore, ele*als with 
the re*lations of the* soil micropopidation to the root rot fungus in the 
seul anel in elead or de'caying roots, not in its active phase as a parasite. 

The* pe*rsiste*nce of Phymatotrichum omniromm on cotton roots under 
eiifre*re*nt soil e)r root conelitions anel the* inte*rpretation e:>f the obse*rve*d 
diffcremces leave remained subjects for speculation. King and I^omis 
{]()), McNamara and Hooton (//), anel Ratliffe (15) have obse*iTe*d 
that the parasite is viable feir ceuisiderable periods afte*r its invasion of 
e*otton reK)ts. That its viability is de*cre*ase*d uneler certain conditions 
is also known. Rea {lO) has state*el that the* olde'r fung\ia stranels on 
elisease»el and elying i>ortions of cotton repots gradually e*xhaust the 
available fe>e>el materials tlu*re*in and die* with tlie remts to which they 
are attache*ei. Eze*kie*l (5) has noted de*cre*ase*d survival pe»rce*ntage*s 
of P. omniromm on cotton roots following root cutting or girdling, as 
we*ll as a ele*civase in alcohol-soluble solids ce>ntaine*d in the roots. Such 
studic's suggest that food exhaeistion or change's in root composition 
beerome limiting fa<*tors for survival of the parasite*. 

The role of microbial interre'lationships in determining the* survival 
of plant pathogens has be*e*n revit'wenl by Garrard and Loehheael (6*). 
King, Hope, and Eaton (9) have* discussed the* importance of microbial 
factors in the manurial control of cotton root rot on irrigatc'd lanel. 
(Mark and Thom (U cone*luded that the suggested microbiological 

> Ueoeivod for imbtication April 2. 1911. 

* The authors express their deep apprw'iatlon to Charles Thom, principal mycologist in charge, l>ivision 
of 8o0 Microbiology for hla many valuable suggostions during the course of these studies. 
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sanitation effects of manurial amendments must be accomplished 
through Ihe agency of the soil microflora; the root microfloras thorn- 
selv('s showed no apprt^ciable changes following organic amendments. 
Recently Adams, Wilson, Hessler, and Erglo (f ) reported that early 
fall plowing of cotton stalks checked the destructiveness of the fungus 
in the following cotton crop. The extent to which root microfloras 
infliien(*(' the survival of Phymatotrichurn omnivorum, and in turn the 
extent to which microfloras associated with cotton-root surfaces are 
infliKUK'cd by plant injuries inflicted by early plowing or girdling, 
remain unreported. 

It is known that sclerotia of the cotton root rot fungus may remain 
in field soil as viable and infectious material for many years, even 
when fields are maintained in nonsusceptible crops or in t^lean fallow. 
Sclerotia have been considered important in the survival of primary 
infection centers; their elimination, therefore, becomes desii’ablc in 
soil sanitation. 

Certain physical conditions, such as soil desiccation or aeration, have 
been reported to influence the survival of sclerotia (8^ 13^ 18). The 
successful manurial control of several soil-borne diseases (7) and the 
possibility that microbial relationships contribute to the elimination 
from soil of plant pathogens raise the question of the ability of scle- 
rotia of Phyrnatotrichum omnmmim to survive when exposed to the 
microbial activity associated with fr(‘sh organic residues in soil. 

It has been the purpose of the following investigations to consider 
(1) the growth and persistence of Phymatotrichvm omnivorum on 
cotton roots or root segments under different environmental conditions 
and (2) the elimination of P. ommmrum sclerotia from soil, with 
especial reference to the periods of microbial activity following organic 
fertilizations. 

EXPERIMENTAL 'PROCEDURE AND OBSERVATIONS 

GROWTH AND PERSISTENCE OF PHYMATOTRICHUM MYCELIUM 

On Cotton-root Segments in Amended LABoiiATOiiy Soils 

Indications of the importance of the efft'cts of environmental 
factors on Phymatotrichurn omnivomm w(*re readily S(‘en when freshly 
infectwl roots wore, collected from field cotton and placed in contact 
with differently treated soil in the laboratory. A representative ex- 
periment is summarized briefly. 

Ninety-six quart jars, in 4 batteries of 24 jars (^ach, were half-filled 
with Hunt clay. The first battery was retained unamended; the 
second, third, and fourth batteries received 1 percent superphosphate, 
3 percent barnyard manure, and 3 percent chopped sorghum fodder, 
respectively. Four jars in each battery were brought to optimum 
moisture content immediately and incubated at a controlled room 
temperature of 25® C. for 30 days. Additional sets of 4 jars in each 
battery were moistened at intervals, so that, after 30 days hod elapsed, 
jars were available to represent periods of incubation of 0, 5, 10, 15, 20, 
and 30 days for each of the 4 soil conditions. All soil containers were 
then inoculated with Phymatotrichurn omnivorum; 2 jars in each block 
of 4 received agar-culture inoculum, and the other 2 replicates in the 
block receivexi infected root segments. Observations on the growth 
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of P. omnivorum mycelium and on its persistence after development 
were made at 3, 5, 10, and IG days after inoculation. 

Mycelium of Phymatotrichuro omnivorum developed quickly ov(»r the 
soil surfaces in jars containing unamend(‘d and superphosphate- 
amended Hunt (‘lay. The mycelium produced showed little disinte- 
gration during an observation period of 16 days, and random sub- 
cultun's to lU'W ch(‘ck soils consistently showed viability of the fungus. 
In contrast, infected roots or agar inocula plac(‘d on soil containing 
organic* materials I'ither failed to grow or showed initial growth fol- 
low<»d by disint(‘gration of the mycelium. The soil lots amended with 
manim^ and witli .sorghum fodclcT diffenHl somewhat both in their 
jx'riods of mycelial inhibition and in their associates! soil micropopula- 
tions. The pr(‘senc(‘ of manure in the soil inhibited growth or p(T- 
sistence of P. omnivorum mycelium from inocula only within the first 
15 days afteu* its application; aftesr incubation for 20 days or long('r, 
manurvd soil permit teul growth of mycelium. Sorghum fodder in soil 
prev(*iit(‘d growth of the fungus for the full 30-day period following 
its application. For both amendmeuits, th(‘ pc'riod unfavorable to 
mycelial growth showed close agJTemc‘nt with the pcTiod of ititemsifii'd 
microbial activity. Cln'ater and mon‘ prolonged difference's we're 
note'el for the soil mici'opopulations following fertilization with sorghum 
residues; afte'r 30 days the soil rnicropopulatiems in such soils were still 
appmximate'ly seven times those of che'ck soil. For manured soil, 
micre)])opulations we're slightly more than double those of the che'ck 
soil for the first 2 w(»eks after tre'atinent but show’e'd little' diffe're'ne'c 
tlu're'afte'r. 

Otlu'r c'xpe'riments, e'stablished uneler conditions similar to the 
pree*eding serie's but with differe'nt types of ame'iulme'nts, showed that 
de*compe)sing organic mat ('rials generally, if capable of supporting 
increase'd microbial activity, induce'd situations in wliieh myce'lial 
growth from fri'shly infect e'd cotton roots was inhibit e'd c()mi)letely 
or else' destroye'd rapidly after an initial deve'lopme'iit. Amemg other 
organic materials, cottonse'cd meal and hulls and cho})p('d cotton 
roots we're found to be' suitable treatme'Uts for inhibiting myce'lium. 

On Cotton Roots in Field Experiments 

The resjionse* of the root-surfa(*e microflora to various tyj^e's of 
root injui’y was studied in field cxperime'nts. In order to establish 
a background of information conce'rning normal root-surface micro- 
populations, before atte'inpting to define those of injured roots, a 
seasonal study of the microfloras associated wdth cotton of differe'nt 
age^s and of different dates of planting was started Ma^’^ 3, 1940, and 
was continue'd for 6 months. Field sample's consisted of composites 
from a minimum of five plants; the root sj^stems collected by excava- 
tions wx're se^parated into crown, deeper tap, and lateral portions for 
laboratory studies. Microbiological analyses were made' according 
to the' methods previously reported by Clark 5), except that whole 
root segments rather than loot-surface scrapings w^ere ejnployed in the 
primary dilutions. Surface areas were determined as accurately as 
possible by measurements, and the microbial populations were ex- 
pressed as number of micro-organisms pt'r square centimeter of root 
surface. The seasonal microfloras associateci with surfaces of unin- 
jurc'd cotton roots are shown in table 1. 
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Young cotton plants possessed somewhat higher root micro-popula- 
tions than did older plants; the latter, when mauitained unuijured 
under the usual practices of continuous cotton cultivation, had root 
microfloras that did not differ materially during tlui late fall from those 
observed during the early fall or late summer. In contrast, greatly 
intensified microbial activity was obsiTved for root surfaces of injured 
cotton plants. Representative data for ilifferent types of injmy are 
presented in table 2. Injuri(« inflicteil during the late fall had less 
effect on root-surface microfloras than did late-summer injuries. 
Relative increases of total microbial numbers following injuries to 
roots on August 19 over thos(* for uninjun'd root systems are shown in 
table 3. Differences in the gi’oss app<‘nranc(' of such roots were (‘asilv 
apparent (%. 1). 


Table 2.^ Microfloras associated with the taproots of mmijured and injured cottcn 

plants^ season of 1940 
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Table 3.- Comparative total microbial counts on surfaces of uninjured and injured 
cMton roots at 1, 3 months after injury on Aug. 19^ 1940 ^ 


Sept. 20.. 
Oct. 18. 
Nov. 19 


Date nf sainiding ! ("heck 

(Tit Ndow' the 

Oirdled al>ove 

j (uniiijun*d) 

crown 

the crown 

1 

160 

97 

. - i 1 1 

158 

2,2 

- ' 1 
i 

254, 

H 


t M Icroiiopulations on surfaces of injured hkHs compared with those on healthy uninjured roots (taken ns 
unity) on corresponding daU^s of sampling 
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On Cotton Roots in Different Stages of Decomposition 

In a concluding experiment, the availability of cotton roots at 
different stages of decomposition as nutrient material for Phymato- 
trichum omnivorum was determined. Cotton roots or root segments 
that had undergone periods of decomposition from 0 to 350 days were 
collected from 29 different laboratory and field experiments. Each 
collection of root material was divided into 3 parts; these 

were moisteiK'd and placed in Erlenmeyer flasks. The first flask of 
each set of 3 was left unsterilized; the 2 remaining flasks were 
autoclaved until sterile. One of these was maintained sterile thereafter, 
exci^pt for the addition of P. omnivorum; the other was inoculated with 
unsterilized soil. Standard agar disks of P. omnivorum were introduced 
into all flasks, and observations for growth of mycelium W(»re made 
during tlie following 2 months. The source and treatment of the 
cotton roots employed are shown in tables 4. 



Figure 1. — Appearance of cotton roots injured on August 19, 1940, and excavated 
November iS, 1940: /I, Clipped below the crown; /i, girdled above the crown; 
C, clipped above the crown; 1 ), uninjured cotton mot (check) from the same 
experiment. 

Without exception, in the unsterilized flasks Phymatoinchum omni- 
vorum mycelium failed to develop upon any root material, regardless 
of the extent of decomposition previously undoi^oue by the root seg- 
ments. Mycelium developed in ail flasks sterilized and then subse- 
quently inoculated with P. omnivorum only; in such flasks the com- 
petitive effect of other micro-organisms was absent. Mycelium failed 
to develop in those flasks sterilized and then reinoculated with a pinch 
of nonsterile soil togetluT with P. omnivorum; such results showed 
that the growth obtained in the pure-culture series did not occur simply 
because of the liberation of additional food materials during the 
sterilization process. 
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Table 4. — Types of cotton roots studied for their ability to support growth of 
Phyinatotrich um omni voru m 


('ondition of root matoriiil 
and treatment numt>er 
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Buried in unamended sod . . 

273 

27 

Buried in nuuiured sod 

273 

2H 

Burietl in s<»rghuni-fodder-ainended sod j 

273 

29 

Buried in n l.Vd-aniended sod 

273 

ELIMINATION OF PHYMATOTRICHUM SCLEROTIA FROM SOIL 

Laboratory Experiments 



The ability of Phymatotrichinn omni cor um sclerotia to survive under 
didVn'Ut soil conditions in the laboratory was observed following the 
addition of know?) numbers of sclerotia to Houston and Hunt clays 
rec(‘i ving different amendments. At intervals ranging from 1 0 days to 
(> months, soil lots w en' examined for number of recoverable sclerotia 
and for microbial activity in the soil or on the sclerotial surfaces. 
Such studies showed that many more sclerotia were eliminated from 
soil containing fresh organic materials than from soil containing no 
such amendments. 

When the data from five separate experiments, conducted during the 
course of 2 yt'ars, are considered collectively, the greatersusceptibility 
of sclerotia in organic-amended soils is convincingly showm. In soil 
amended with barnyard manure or with chopped sorghum fodder, 
64.9 and 69.7 percent of the sclerotia added were eliminated ; in super- 
phosphate-amended and ill unamended soil, 14.4 and 19.6 percent, 
respectively, were eliminated. Other organic materials, such as cotton- 
seed meal or hulls or chopped cotton roots, w ere found as effective as 
manure or sorghum fodder in reducing the sclerotial population in soil. 

The results of a typical experiment are presented in table 5. The 
sclerotia used in this experiment w'cre light browai-buff types washed 
out hy^ hand from root rot-infested field soil; 95 percent of these 
sclerotia were found to be viable following field recovery. In other 
experiments analogous to the one recorded in table 5, the older dark- 
brown types of sclerotia recovered from field soil were employed; the 
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results obtained with such sclcrotia wore essentially the same insofar as 
contrast between check and organic-amcnded soils was concerned, 
althougli in several experiments there appeared a tendency for the 
old dark-brown types to be more resistant generally. Prelimiuaiy 
W’^ashings revealed that the Hunt clay employed was originally free of 
sclerotia ; and also that the screening and washing methods employed 
permitted complete recovery immediately following the addition of 
sclerotia from either amended or unamended soil. 

Table 5. --Recovery oj Phymatotrichum omnivorum sclerotia * from soil in relation 
to periods of incubation and types of soil fertilization 


Sclerotia rt‘covcrc(l from— 


Incubation ihtUkI (dajs) 

riiamcndcrl 

check 


Soil fertilized with— 


1 percent 
8Uper> 
phosphate' 

3 {leroent 
manure 

3 percent 
sorRhuin 
fodder 

3 |)ercent 
chopped 
cotton roots 

16 

m \ 

186 i 

76 

77 

51 

35 

m 

m ! 

58 

53 

48 

45 

153 

175 i 

i 58 

42 

67 

(M) - 

165 

169 1 

1 45 

1 m 

39 

75 .. 

152 

161 

65 

45 

46 

Total 

822 

879 1 

292 

2H0 

261 


1 Number recovered after incubation la'riods indicated. 200 .%>lerotia wen.' oriirinaily added to each 
container. 

It was observed repeatedly that major reductions in scdeiptial num- 
ber were secured only during the periods of intensive microbial activity 
in soil. Since the microbiological data collected for the different 
laboratory experiments are extensive, such material is presented in 
summary form. Soil (in' unamended or inoi^anic-amended lots) in 
which sclerotia persisted with relative impunity showed total micro- 
populations ranging from 15 to 50 million, expressed as per gram of 
air-dry soil, throughout the periods of incubation employed. Soil 
receiving barnyard manure or chopped sorghum fodder at 3-perc.ent 
rates showed micropopulations of from JOO to 300 million during the 
first 2 weeks after treatment; following their initial precipitous 
increases, such micropopulations declined more gradually, until they 
were comparable to those in untreated soil. Inspection of table 5 
shows that major reductions in sclerotial numbers were secured during 
the initial period of intense microbiological activity. Figure 2 shows 
the decomposed and hollow-shelled sclerotia after 15 days’ burial in 
fertilized soil lots, and, in contrast, the undecomposed, solid-appearing 
sclerotia recoverable after burial in untreated soil. 

Direct microscopical studies of stained Cholodny slides (.9) showed 
general confirmation of the cultural data, and in addition, yielded some 
further infonnation concerning microbial activity on or near the sur- 
faces of buried sclerotia. After short burial periods in soil, numerous 
fungus strands were seen in the sclerotium-glass slide contact region ; 
certain fui^us strands appeared as Phymatotriehum omnwonm 
mycelia. After longer incubation periods, shadowlike strands of 
fungus mycelia covered with masses of bacteria were observed, sug- 
gesting early colonization of the sclerotial surface region by fuiigus 
strands, followed in turn by bacterial invasion and decomposition. 
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Spores of Alternaria, llormodendrunfif and TrichodermUy and long 
sl<5nder conidia of Actinomyces were observenl; this suggested that 
mycelial stagers of these forms a(*-counted for some of the fungus strands 
observed shortly after burial of sclerotia in soil. 

Germination of Phymatotrichurn onmwornm. sclerotia was suggested 
by the Cholodny sli<l(‘ studies. Tlu^ possible role of germination of 
sclerotia in th(‘ ditf(uvnces in survivals in organic-amended and in 
unamended soil (table 5) was investigated in the following experiments. 

Eight replica t('s of 5 soil conditions (untreated, 1 percent super- 
phosphat(‘, 8 pen'cnt chopped gre'cn alfalfa, straw, manure) were 
established in laboratory containers, and 10 sclcTotia were burierl in 
each of the 40 containers. Two lots of sclerotia were employed; one 
lot consisted of younger-, light-brown sclerotia, of SO-ptr-cent viability; 
the second lot, of old, dark-brown sclerotia, of 50-p(Tcent viability. 
Aliquots of each lot wer e* killed by heating to 85° C. for 5 minutes. 
In the preparation of tin* exp<Timent, duplicate (*ontainers in each 
of 8 replicates received (1) untreated young sclerotia, (2) untreated 
old sclerotia, (8) kilhrl young sclerotia, and (4) killed old sclerotia. 


♦ 


• • 


# 

\ 

• ♦ 


I • 

• •• i 

Fi 


4 




• A 

♦ * 

-• • • . •« 



Kkjitrb 2. — Appearance of Phymatotrtchum ornnivorum sclerotia. A, Prior to 
burial in experimental .soil lot.s. B-1), Following? biiiial for 1.5 days in (J3) 
unamended Hunt clay, (f’) Hunt- clay plu.‘< 3 percent chopped sorghum, and 
{!)) Hunt clay plus 3 percent choppetl alfalfa. About XI. 


All contaiiur-s wtTc incubatt'd for 17 days and then examined for 
condition of the buried sclerotia. As all s<‘lerotia were plat-ed at 
known locations on glass slides, full recovery was possible. Observa- 
tions were n^corded on the basis of whether lecovered sclerotia were 
solid and intact, or were disintegrating or hollow shells. A summary 
of observations is presented in table b. 


Tablk - Percentage of viable and killed sclerotia recovered from soil receiving 

different treat me nts 


Soil troatiiient | 

1 Younp sclerotia 

1 

Old .sclerotia 






i Living ' 

Killed 

1 

Living 

Killed 


1 "1 

1 


- *“ 

1 

Percent \ 

I 

Percent 

Percent 

Percent 

UntFoah^d (chock) 

20 

5 

\h 

0 

Saporphosphate . - 

i ^ 

0 

10 

0 

Otoixnd straw.. . 

70 

15 

m 

15 

Ground alfalfa - 

1 ‘5 

30 

40 

25 

Manure. ..... 

1 

40 

15 

5 


42a;u)4 — 41 4 
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Field Observations 

A field experiment provided four areas on root rot-infested land. 
Two areas received either barnyard manure or sorghum fodder thor- 
oughly mixed into the upper 8 to 10 inches of soil by rotaiw plowing on 
October 3, 1939; a third area received similar deep tillage without 
organic amendment on the same date; and the fourth area received the 
usual bedding later in the fall season. All areas were cropped to 
cotton during the. 1940 season. 

Observations for the occurrence of sclerotia in these areas were made 
by field excavations during the latter part of August 1940. No 
sclerotia were found in the upper 12 inches of soil in areas receiving 
deep tillage or organic materials; sclerotia were present below the 12- 
inch level. In the normally bedded area, sclerotia were obscTved in 
abundance in the 6- to 12-inch level. The largest proportion of dead 
cotton plants occurred in this check area, and tlie smallest proportion 
in the manured area (table 7). Increased mieropopulations were 
apparent in all the field areas after the first good fall rain in October 
1939, but periods of prolonged microbial activity were noted only in 
areas receiving organic manures. Total mieropopulations in the soil 
at five different dates of sampling, as well as dead cotton in the four 
areas at three different dates of mapping, are shown in table 7. 


Table 7. — Soil mieropopulations and incidence of dead cotton in differently treated 

field areas 

TOTAL MtCROBIAl. NT’MBKRi 


Dates of sampling or mapping 

t 

1 Plot trentment 

Normal bed- 
ding 

Deep rotary 
tillQge 

Deep tm- 
age-fbarn- 
yard manure 

Deet) till' 
age+sor- 
ghum fodder 

Oct. 13, 1939 . . . . 

Nov. 29, 1939 

May 4, 1940 

June 22, 1940 

July 20, 1940 - 

MiUimi 

159.6 

10.2 

18.6 

12.2 

17.1 

Millions ' 
335. 5 i 
26 1 j 
19. H ; 
12.5 
21 2 

1 

Millions 

452 6 
62.3 
118 3 
60.0 
30.8 

Milliom 
287.9 
115 1 
222.1 
.50 0 
47.9 




INCIDENC?E OF DEAD COTTON PER PLOT* 



Percent 

Percent 

Percent 

Percent 

September 1939 

85.3 

80.0 

96. 0 

74.0 

August 1940 

90 0 

36.3 

7 0 

20.0 

October 1940 - - 

94.0 

69.0 

34.0 

60.0 


1 Expressed as millions per gram of air-dry soil. 
* Expressed as percentage of total stand. 


DISCUSSION 

It is known that undet field conditions Phymatotrichum, nmnimrum 
makes an extensive mycelial growth during the late summer and 
early fall; excavation studies during the fall season may reveal the 
parasite on the roots of many cotton plants even thou^ no above- 
ground symptoms of the disease are evident. If the mycelial stage is 
recognized as capable of development upon a host-plant root system, 
and, in contrast to the saprophytic flora, of attacking healthy roots. 
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but if at the same time it is known to bo incapable of successful com- 
petition with the large micropopulations engag(‘(l in the decomposi- 
tion of fresh organic rc^sidues, the importance of ending the sheltered 
host-borne stage of the parasite as quickly as possible and thus pro- 
longing the pcTiod during which it is subject to attack or competition 
of otluT soil micro-organisms becomes evident. 

(\)lton plants injured by late-summer clipping or girdling showed 
greatly intensified root -surface microlloras. Since tin* mycelium of 
Fhymatotrwhvm omuironim was inhibit(‘d or destroy(‘d in organic- 
amended soils in which th(‘ increases in micropopulations over those 
of ch(»ck soils not (h'structive to mycelium wer(‘ of the order of 5 to 
10 times, it is not improbable that the microbial activity on root 
8urfac(vs, where tin' micropopulations incrc^ased as much as 100 to 
200 times, proviih^d an environimuital factor unfavorable to the 
fungus. Orowth of I\ omnirorurn from inociila on injured or decom- 
posing cotton roots at practically any stage of d(‘composition, follow- 
ing st(Tilization to nmiove competitive microbial activity, further 
siipports this reasoning. The limitation of survival of P. omnivorvm 
inycelium on ({(‘composing cotton roots is ('onsidewd, therefore, more 
dir(*ctly a matter of microbial intemdationships than of food I'xhaus- 
tion. 

Phymatoinchom sch^rotia, in contrast to the myctdium, appcair very 
r(‘sistunt to a prolonged soil-boriu' stage of (‘xistenc(‘; their longevity 
und(T fallow and diff(‘rent crop-rotation scliemes is generally recog- 
niz(‘d. That sclerotia an* susc('ptible to (diminution from soil during 
p(‘riods of int(uisive microbial activity following applications of fresh 
organic rt*si(lu('s is shown by the present work. The contrast between 
p(*rsist(uice of sclerotia in oi^anic-amended and unamended soils 
within the first 10 to 15 da.ys after burial was at first difficult to under- 
stand, and it was only aft(*r the Cholodny slide studies and the burial 
of heat-killed sch'rotia that the increased germination of sch'rotia 
uiuU'r soil conditions favoring general microbial activity offered a par- 
tial explanation of the diffenmee in survival. In tlu* absence of a 
host plant, the em(*rging mycedium becomes ('xposed to saprophytic 
conditions, and the paralhd results not(»d during the course of myce- 
lium and sclerotia studies beconu* understandable. It is not known 
why heat -killed sclerotia are more rapidly eliminattHl from organic- 
amended soil during the (*arl.y period of incubation. It is possible 
that a mass-inoculation effect with more numc'rous and perhaps more 
diverse soil micro-organisms is obtained; it is also possible that tin* 
sclerotia substance presents a source of supply of one or more ele- 
ments required during the initial dc^composition stages of the added 
oi^nic material by the soil microflora concerned. 

The field obsc'rvations on the absence of sclerotia in the organic- 
amended and tilled areas, together with the decreased incidence of 
dead cotton as shown by the August 1940 mapping, indicated that 
reduction in infectious matc'rial could bo obtained in the field. How- 
ever, it was not apparent from the work performed whether tlie more 
significant factor was (1) the elimination of root-borne mycedial 
strands important either directly as subsequent sources of infection 
or indirectly through their later production of sclerotia or (2) the 
elimination "of soil-borne sclerotia formed prior to Utilization and 
tillage. If the fonner factor is the more significant, the destruction 
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of roots by early plowing becomes more important than the applica- 
tion of additional organic residues to soil. Clark and Thom (4) have 
expre'ssed the opinion that any microbiological sanitation effects of 
added organic residues are accomplished through the agency of the 
soil microflora, since such fertilizations faileil to affect the root micro- 
floras of hc'althy cotton. If the destruction of soil-borne sclerotia is 
essential, the value of adequate mixing of fresh organic materials into 
soil to secure the gi’eatest possible contact with soil-borne infectious 
material is apparent . 

SUMMARY 

Hunt clay to which no organic maUu'ial was addcnl permitted 
growth and persistence of Phymatotrichum omnivor um mycedium over 
the soil and root surfaces in open containers inoculated with segments 
of recently infected cotton roots, when maintained under favorable 
moisture "and temperature conditions. Soil containing added or- 
ganic matter, but otherwise similarly inoculated and maintained, 
either completely inhibited the growth of P. omnivorum or pc^rmitteci 
initial growth which was followed by disintegration of mycelium. 

Under field conditions, cotton roots injured during the late summer 
or early fall showed pronounced increases in micropopulations asso- 
ciated with root surfaceii; such iiKTcases were proportionately great(‘r 
than those caused in soil by oi^anic anurndments and found inimical 
to the growth of the parasite. 

The majority of Phymaiotrichum omnivorum sclerotia buried in 
organic-amended soil were quickly destroyed; in contrast, the great, 
majority of sclerotia buried in soil without organic residues pesrsisled. 
Sclerotia remaining after subsidence of th(‘ microbial activity occa- 
sioned by fertilization persisted with little further reduction in num- 
bers for several months; for the elimination of either mveelium or 
sclerotia, treatments with organic materials were espc'cialfy ('flV(‘tiv(» 
during tlie period of increased microbial activity. 

Removal of the competitive effects of otlier microbes by soil st(*rili- 
zation, and subs(3(pi(mt reinoculation with Phymatotrichum omnl- 
vorumy permitted good growth of fungus mycelium, regardless of the 
amount of di^composition which the cotton roots or organic residues 
employed had pn^viously undergone^ Fungus survival was con- 
sidered, therefon*, to be limited by microbial int('>nelationships rather 
than by food (‘xhaustion. 

It was observed that during the early stages of incubation viable 
sclerotia disappeared more rapidly from amended soils than killed 
sclerotia; the importance of sclerotia germination as one factor in 
soil sanitation was thus suggested. That other factom were operative 
also was suggested by the greater elimination of heat-killed sclerotia 
from organic-amimded soil than from unamended check soil. 

Following field application of organic materials, together with early 
October plowing, increi^ed microbial activity, reduction of the 
incidence of dead cotton in the succecniing crop, and greater difficulty 
of sclerotia recovery from the amended levels in fi(3d soil were ob- 
served. 
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DISSEMINATION OF FUNGI THAT STAIN LOGS AND 

LUMBER ‘ 


By A. F. VekraijL® 

Afsintanl pathologist, Division of Forest Pathology, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

111 the literature on wood-staining fungi there are several descrip- 
tions {2, 4, 5, 6, 7, 12, IS) '* of close associations of certain species of 
staining fungi with certain bark beetles and their tunnels, mostly in 
relation to stain in standing timber. There is, however, practically 
no general iufonnation on the means of dissemination of staining fungi 
to logs and lumber or the relative importance of these means. In 
fact, except for the work on bark beetle dissemination, most state- 
ments referring to dissemination of staining fungi si'em to be based 
largely on supposition. 

During the past 10 years considerable data on the dissemination of 
fungi that stain logs and lumber have been accumulated by the 
Division of Fori'st Pathology at its N(>w Orleans branch. Brief 
accounts of some of these findings have bec'n ])ublished {9, 11). 
Although the present studies are far from (‘xhoustive they probably 
give an adequate picture of dissemination insofar as it bears on prac- 
tical control of stain in logs and lumber in Louisiana and Mississippi. 
Although the study was limited to these two States, there is no reason 
to believe that the data would not lx* applicable to other States in the 
Southern Pine Belt . 


MEANS OF DISSEMINATION 

AIR CURRENTS 

In an attempt to dc'termine the prevalence of air-borne spori's of 
staining fungi in mill yards, malt-agar plates weri' exposed for 
K, 1, and 2 minutes, most often for 1 minute. In table J are listed the 
fungi secured in this manner. For convenience of comparison the 
results were transformeil to the uniform basis of 125 plates exposed 
for 1 minute. 

It is evidf'iit from table 1 that the number of air-borne spores of the 
important staining fungi in mill yards at a given lime is not great 
but that the number of spores of some of the, less important staining 
fungi is high. Tliese results are based on exposures made in yards of 
average to good sanitation; none of the yards had seven' staining of 
lumber at the time exposures were made. Because of the large 

> RtHJpivod for publication March 19, 1P41. Cooiierative investigations of the Division of Forest Pathol- 
og>', Bureau of Plant Industry, and the Southern Forest Experiment Station, Forest Service, U. S. 
Deimrtment of Agriculture. 

* The author 1? indebted to T. E. Snyder and H. II. Johnston, of the Bureau of Entomology and Plant 
Quarantine, IT. 8. Departmenl of Agriculture, for the identification of many of the in.sects mentioned in 
this paper and for suggestions on the insect phases of the study 
s Italic numbers in paren these.*} refer to Tiitcrature Cited, p. 557. 
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Table 1.- Fungi developing in malt-agar plates exposed in lumber-seasoning yards 

and inside mills 


Fururus 


Important staining fungi: 

CeratottomelJa ips Rumbolcl . 

CeratoHtomella pluriannuttUa Hodge „ 
Endocmidtot^ora coemlencena Mtfnch 
Qraphinm rtoidum (Pers. ex Fr.) Sacc.. 

Iletminthoaporivm .spp 

Minor staining fungi: 

Altcmaria spp 

CJadospariitm spp 

PuUularia spp 

Thrula «pp- 

Dark, undetermined ♦ 

Nonstaining organisms. 


Fungi (ealculnted) per 125 plates ex- 
posed for 1 minute in— 


Hardwood 
yards i 


Number 

0 

2 

0 

3 

19 

116 

103 

3 

21 

088-f 


Pine 
yards * 


Number 

0 

0 

0 

0 

1 

7 

70 

132 

0 

5 

oso-f. 


MULsa 


Number 

4 

162 

15 

55 

0 

•7 

187 

4 

0 

0 

855+ 


» Based on 145 plates exposed at 4 milUs on 11 different dates during 1937 and 1938. 
i Based on 105 plates exposed at 4 mills on 7 different dati^s during 19.37 and 1988. 

3 Based on 17 plates exposed in 2 mills on 4 different dates in December 1937. Mills were cutting mostly 
hardwoods at the times exiwsures were made. 

* Some of the staining fungi listed may be inclmled, but if so they were obscuri*d by molds and bacteria 


number of nonstaining fungi present, the agar-plate exposure method 
entailed excessive culture work in separating th<‘ developing colonie's. 
Therefore this method was dropped in favor of (‘xposures of sterih* 
wood blocks. 

Pine blocks approximately 1X1X5 inches were immersed for % 
minute in boiling water, and placed in sterile jars until exposed. At 
each of 2 mills, on 4 occasions, 20 of thc^i^ blocks were suspended by 
wires attached to nails in the ends of the blocks. These mills were 
in central Mississippi and were approximately 50 miles apart. One 
mill had a clean yard with practically no stain ; the other had a yard 
with a large pile of slabs *at the edge that were green and there was 
heavy stain in much of the lumber. The blocks were exposed for 20 
minutes and watched continuously for insect visitors. All blocks 
touched by insects were discarded. After exposure the blocks were 


Table 2,— Fungi developing on pinewood blocks exposed for 20 minutes in mill yards 
with light and heavy stain infection 


Blocks yielding fungi li.Hted at indicated mill yard and date of 
exprjsun^ 


Fungi LsolaU>d 


Important staining fungi* 
Ceratmtomelia pitlfera (Fr.l Winl 
Ceral&atomella ipa Rum bold . . . 

Helminihosporium spp 

Minor staining fungi: 

Alternatia spp 

Cladoaporium spp. 

PuUularia spp... 

Dark, undetermined ‘ 

Nonstaining organisms 

Blocks exposed 


Yard with light stain 

Yard with heavy stain 

May 

June 

23 

July 

28 

Aug. 

30 

Total 

May 

11 

June 

23 

July 

28 

Aug. 
30 I 

Total 

Per’ 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

cent 

cent 

eejit 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

0 

0 

0 

0 

0 

0 

13 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

14 

0 

3 

18 

0 

m 

7 

14 

0 

6 

21 

22 

10 

5.5 

18 

43 

43 

37 

42 

0 

14 

22 

21 

91 

6 

36 

7 

ao 

79 

0 

36 

11 

36 

45 

18 

0 

: 7 

16 

16 

0 

0 

33 

10 

0 

12 

29 

21 

16 

11 

13 

14 

44 

17 

91 

100 

100 

79 

93 

95 

100 

100 

100 

98 

Vo. 

Vo. 

i No, 

Vo. 

Vo, 

Vo. 

Vo. 

Vo. 

Vo. 

Vo. 

11 

u 

14 

14 

1 

56 

19 

16 

14 

9 

58 


« Some of the staining fungi listed may be included, but If so they were obscured by molds and bacteria. 
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returned to thoir jars. Ou 8 of tho 4 exposure days humidity was 
high. F'or each test 0 blocks were left iinexposed as checks. Al- 
tiiough molds occasionally developed on thesr' ch(»cks, no staining 
fungi were found. 

The fungi culturc^d from these blocks are listed in tabh^ 2. As in 
the case of agar-plate exposures, it is evidruit that the populations of 
spores of important staining fungi in the air W(Te not great during the 
exposure', periods, even in the yard with heavy stain and undeT hu- 
midity conditions favoring spore production and discharge. On 
other occasions Diplodia nafalensis Evans and Graphium rigidum 
have been secured from the air, showing that all the important stain- 
ing fungi of the Southern States {10), with the' possible I'xception of 
Diplodia sp., are at times air-borne. 

By far the most important staining fungi in the Southe'rn States are 
Kndoconidiophora coervlescens and G'eratostomella pluriannulata on 
hardwoods anel C\ pHifera and (\ ips on pine'. From the data pre- 
se'nted it might seem at first glance that air elisse'mination of thc^se 
species is of ve'ry little importance'. Howeve'r, it must be re'memibe'red 
that green wood in air-seasoning pile's is in a e'ondition favorable for 
infe'.ction ove'i* a period of days or we'e'ks, ele'pe'uding on weather con- 
ditions. If the elata are ree'xamined in the light of this fact, i. e., if 
the time we're days or we'e'ks, inste'ad of minute's as given in the* table's, 
it is evielent that appre'ciabh' numbe^rs of spore's can settle on lumber 
in pile^s during the period of susce*ptibility to infect ion by staining fungi. 
Since there* are* markeel convection currents in new seasoning pile's, 
air-bonie spore's can be* carrieel throughout the piles. 

INSECTS 

At 7 mills in Ijouisiana and Mississippi, on 20 occasions from 1937 
to 1940, inse'Cts founel on or in seasoning lumber or store'el logs we*re 
colle'cted in gelatin capsules, and, as soon as practicable, were* trans- 
fe*rr('d to malt agar. The fungi isolated from inse'cts in this manne'r are 
liste'd in table 3. 

In evaluating the importance, as stain disse'ininators, of the various 
inseH'ts listed in table 3, three factors must be considered: (1) The 
importance of the fungus spe'cii's carried, (2) th(' habits of the insects, 
and (3) the abundance of the insects on green wood. Because of the 
first of these factors a lim* was added to table 3 giving the percentage 
of the various insects cultured that yielded important staining fungi. 
It will be noted that in the groups labeled ‘Hither beetles,'^ “Dip- 
terous insects, “ and “Other insects,” an appreciable number carried 
important staining fungi. However, individuals (*ultured in these 
groups were of species that are not primarily associated with wood but 
are chance visitors to lumber seasoning piles and ordinarily do not 
penetrate seasoning piles. Therefore they do not inoculate wood in 
the parts of piles where staining may be severe, and probably are of 
little importance in disseminating staining fungi to seasoning lumber. 
These insects probably Ix^come contaminated with spores from lumber 
ends stained prior to sawing and from logs. 

The important insect disseminators of staining fungi are prob- 
ably to be found among ambrosia beetles, bark beetles, powder-post 
beetles, and certain other insects whose life habits bring them in 
close contact with wood. 
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Table S. —Fungi isolated from insects collected in or on lumber ^ in seasoning yards 



Insects yielding fungi 


Ambrosia b(‘etles 

Bark beetles 


Miscellaneous insects 


Fungi isolafod 

•0 

! 

s 

1 

e 

% 

a 


•6 

a 

$ 

•p 

s 

d 

tn 

1 

jS 

*ss 

-s 

tn 

n 

I 

1 


CO 


V* 

5 

:b> 

1 

aa 

§ 

s: 

•9 

a 

1 

!? 

S 

O' 

V 

p 

d 

a 

u 

i 

1 

4e 

t: 

0 

1 

1 

§ 

1 

c 

H 

c 

! 

r/} 

1 
i. 1 

Of 

w 

0 

1; 

c, 

Ants 

:§ 

0 

Important staining fungi* 
CeratoatomeUa iptf 

Pet. 

0 

Pet. 

0 

Pet. 

0 

Pet. 

0 

Pet. 

62 

Pet. 

75 

Pet. 

0 

Pet. 

0 

Pet. 

0 

Pd. 

0 

Pd. 

0 


Pd. 

0 

Pd. 

0 

Ceratoiffomelin ptfifem 
CerafOHtomella phman- 

0 

0 

0 

0 

0 

25 

0 

0 

0 

0 

0 

0 

0 

13 

rnilata. 


13 

2 

35 

0 

0 

0 

5 

,50 

0 

11 

10 

9 

7 

Diplodia natalensh 
Endoconidiophora coe- 

0 

0 

0 

0 

0 1 

0 

0 

0 

25 

0 

« 

0 

0 

0 

rukscens 

2 

3 

0 

0 

0 

0 

0 

5 

25 

0 

I « 

<> 

0 

i 0 

Oraphntm rupdum 

5 j 

10 

0 

0 

3 

0 

0 

45 

75 

45 


3 

5 

27 

Helinlnlhoitpmiinn spp 

2 ! 

‘1 ' 

2 

0 

0 

0 

0 

0 

0 

0 

28 

16 1 

0 

L. “ 

Total 

10 

27 

n 

35 

64 

100 

0 

55 

100 

45 

L?? 

32 i 

l_ 9. 

i 33 

1 

Minor staining fungi 















Alternana spp 
Ceratmtomelhi muHiarh 

0 

0 

0 

0 

5 

0 

27 

10 

0 

0 

17 

13 

9 

0 

n'liata Ilodgc. and Da- 
's idson - . - 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 0 

0 

0 

0 

CeratoMomtUa spp . 

0 1 

3 

0 

0 

0 

0 

0 

20 i 

0 

0 

0 

6 

fj 

0 

Cladosporiu m sfip 
Endocontdiophora monilh 

11 

0 

0 

10 

5 

50 

60 

40 

0 

14 

01 

i 

52 

3f> 

27 

for min (Hodge.) I.)a- 
vitlson - - - - 

5 

7 

2 

i 20 

0 

0 

1 

i 0 

20 

25 

91 

22 

0 

1 0 i 

7 

PiiUvlarin .sfij) . . . 

H 

7 

0 

0 

f 5 

50 

i ^7 

10 

0 

5 

33 

29 


27 

Dark, undeltTmined 2... 

7 

3 

0 

5 

13 

25 

13 

5 

0 

0 

17 

13 

I ^ ' 

13 

Nomstaining organisms , , 

93 

93 

1(K) 

100 

100 

1(X) 

IOC) 

90 

.50 

JOO 

94 

I JOO 

82 1 

KKC 

No. 

No. 

No. 

A'o. 

No. 

No. 

No. 

No. 

No. 

i No. 

No. 

1 No. 

1 No. ! 

An. 

Insects cultured 

m 

30 

65 

20 

39 

4 

n 

20 

1 

i 

! U2 

1 

18 

1 

! 31 

i “i 

15 


1 Sonip of the ambrosia beetles were ^ken from sralleries In newly infested Jors 

* Some of the listed staining fungi may l>e included, but if so they were obscured by molds and badt'na. 


Ambrosia Beetles 

It has been shown (9) that in applying the common stain-control 
chemicals to stored hardwood logs, stain is not prevented if ambrosia 
beetle attack is heavy. Because of this It seems that ambrosia beetles 
must be common and effective carriers of staining fungi. Since 
ambrosia beetles heavily attack not only logs but also freshly sawed 
lumber of the most stain-susceptible hardwood species, such as sweet- 
gum, they are also important in inoculating lumber. This inoculation 
is particularly effective, since the attacking adult bores deeply into 
the wood where the staining fungus would not be affected by any 
surface chemical treatment. The stain referred to in this discussion 
is not the restricted blackening around the tunnels of certain ambrosia 
beetles but the common stain foimd in sapwood of many tree species 
without beetle attack.’ Of the 176 adult ambrosia beetles cultured 
{Platypus composilus Say, Xyleborus affims Bich., Pterocydon mali 
Fitch, and undetermined ambrosia beetles), 16 percent yielded im- 
portant stmning fungi. Although this percentage is not high, it 
sewns likely that ambrosia beetles are im^rtant stain disseminators 
since they attack both hardwood logs and lumber m large numbers. 
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Bark IJeetles 

The close associations of certain wood-staining fungi with Tps 
(2, 4, 5, 6), Dendroctonus {5, 6\ 7), and Scolytus {12, 13) have been 
demonstrat(Ml. Most of tliis work concerns associations of fungi and 
beetles in standing timber, although some of it was done with felled 
timber (4). 

During the prc'sent investigations the only important bark b(»etl(‘S 
encountered were Ips ^ and its close ndative, Orthotomicus caelafus 
(Eich.). A high percentage of the adults of both genera culture'll 
yielded Ceratostomella Ips, and the probability is that all individuals 
carry this fungus. On one occasion fresh Ips engravings in a pine 
log that was as yet unstaiiK'd yiekh'd Diplodia natalertsis and on an- 
other occasion Diplodia sp. h\irthermore, from adult Ips collected 
in mill yards, Graphhim, Altermiria, Pullularia, and Cladosporium 
w('re isolat(*d; and from adult O. caelafus from mill yards, (^eratosto- 
mella pilifera, Pullularia, and (ladosporium wen' isolated in addition 
to Peratostomella ips, which is the' specific staining fungus associated 
with Ips spp. Both Ips and Orthotomicus are attractc'd in large 
numbers to fn'sh pine' lumber in seasoning piles during the flight 
season and W(*r(‘ ol)serv('d penetrating dei'ply into the piles. \\lu'n 
wane's are [irese'nt, bark beetle's pemetrate' through the' bark and can 
thus inoculate' beleiw the cheunical elips useel fe>r stain control. How- 
ever, inoculatie)!! may also eiccur mewly by spore's left whe'U the aelults 
walk eiii the lumber surface. This is the re'asonable' explanation of 
the' occurrence of (\ ips in test lumber, pre'viously reporteel {10), 
Probably tlu' rneist important inoculations accomplishe'd by bark 
be'e'tle's are in fre'shly cut pine logs, which are fre'que*ntly attacke'd in 
large' numbe'rs when stored for only short pe'riods. Bark bee'tle infe'S- 
tations in leigs probably have incrc'ased with the pre'sent practice, 
in the Seiuth, of using elry log storage inste'ael of storage in inillpomls 
as was previously ceiinmon. During the pre'se'nt investigations most 
of the se'i’ious pine' log stain observe'd was associated with Ips and 
Orthotomicus infe'stations. 

When periodic outbre'aks of Dendroctonus frontalis Zimm. occur in 
standing timber {8), it seems like'ly that this beetle is an important 
elisseniinating age'nt of (^eratostoinella pini in mill yards as well as in 
trees anel logs. Tlu're is also the possibility that the air may be full of 
spore's from dead trees during active outbre'aks, sucli as the re'cent 
one in e'astern Virginia, near mills of the Camp Manufacturing Co. 
The close association of this beetle and the staining fungus C. pini 
has been demonstrated (5). 

The only other bark beetle noted during this study was a species of 
Pissod.es that was sometimes found tunneling into wanes on pine 
lumber. No important staining fungi, how(‘ver, were isolated from 
th<' 15 adults collected on several occasions. This beetle was not 
abundant. There are other genera of bark beetles that attack green 
logs and probably carry staining fungi to some extent. 

Powder-Post Beetles 

No study was made of the Lyctus group, as these insects mature in 
wood too dry for stain development. However, one of the powder- 


4 8l)eci«s not determined. 
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post beetles encountered, Xylohiops basUaris (Say), attacks green 
pecan, persimmon, and ash lumber. On one occasion 20 adults of 
X basUaris were captured on or as they started to penetrate green 
pecan lumber, and 55 percent were found to be carrying important 
staining fungi. This high percentage was surprising, since at the mill 
where the beetles were captured they were observed only in pe^can and 
ash woods, in which staining is not a problem, and since, so far as is 
known, X. basilaris requires at least 4 months to complete its life 
cycle. In 4 months most seasoning lumber would b(^ too dry to 
support any luxuriant growth of staining fungi, and consequently 
emerging adults would not be heavily contaminated with such fungi. 
Little is known of the habits of this beetle, but it is possible that 
after emergence the adults from which the cultures were made had 
visited stained swectgum or other lumber bearing a heavy growth of 
staining fungi, or that the adults had emerged from logs where the 
moisture content remained sufficiently high during th(‘ life cych^ of tlu‘ 
insect for abundant fruiting to occur in the tunnels at the time* of 
emergence*. Only if it can be shown that X basilaris commonly 
visits the more stain-susceptible species of wood in its journe^y to 
the wooel species in which it breeds can it be consielere'd an important 
agemt of dissemination. The number of this beetle observed was not 
large. 

Miscellaneous Insects of Possible Imfoktance 

When lumber or logs support growths of staining or moleiing fungi 
on the surface, there are commonly present large numbers of adults of 
staphylinids, a small predaceous carabid, and tenebrionids, and also a 
small dipterous larva. These insects wallow in the fungus growth 
and undoubtedly become covered with the spores of the fungi fruiting 
on the wood surface. Apparently little is known of the habits of 
these insects and the extent to which they migrate to fresh unstained 
wood. The staphylinids* and tenebrionids, however, have b(*en ob- 
served in appreciable numbers in bulk-piled green lumber that was 
waiting to be stacked in seasoning piles. The values in table 3 for 
these insects are based on isolations from adults captured on bulked 
lumber. 

MITES 

Mites are common in lumber-seasoning pUes. Although no isola- 
tions were attempted from them it is con<;eivable that they cause 
considerable secondary spread of staining fungi within a given pile. 
Mites occurring under bark, boards, slabs, etc., are known often to 
carry spores (5). 

MILLING MACmNERY 

Lumber may be heavily inoculated during the milling operation. 
A certain amount of fruiting of staining fungi commonly occurs on 
logs, particularly at the ends of hardwood logs. Inoculum from the 
ends of logs is thrown into the air by saws and also carried by saws 
and rollers to the surface of lumber coming in contact with them. 
In table 1 are listed the results of exposure of agar plates inside mills. 
The two mills in which exposures were made were cutting mostly 
hardwoods at the time the tests were made. The log supplies were 
averagey-not heavily stained. It is evident from tmle 1 that spore 
populations inside mills are large as compared with those in season- 
mg yards. 
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That iintnnitiMl wood loavos mills inoculati'd with spon^s of staining 
fungi was further demonstrated by incubating in sterile jars pieces of 
bright wood collected at the edger and end trimmer. Of 25 pieces 
collected during the summer and winter of 1987, 20 staiiu^d heavily 
with Endoconidiophora coerulescenSf Ceratostomella pluriannulata^ and 
Graphium rigidum on hardwoods, and ( 7 . ips and (\ pUifera on pine. 
When only logs appanuitly free of stain were being cut, about one*- 
half the blocks of both pirn* and hardwood remained stain-fre(‘, 
but when stained logs were being cut all the blocks stained heavily 
even though tin* test material was takc^n s(‘V(Tal feet from visible 
stain or from stain-frei* logs. 

RAIN WATER 

Staining fungi have been caught in rain watcu* dripping from lumber 
piles. In a properly constructed pile, W'at(»r-(‘arried spores are prob- 
ably of little importance since rain water men'ly runs ov(‘r the outside 
of the pile, inoculating W'^ood that usually dries too rapidly for much 
stain developnnmt. 

INFECTED WOOD 

Dissemination by the transport of infectiHl wood probably has a 
practical bearing only in the case* of stain(‘d green cross stickers us(‘d 
in seasoning-pile construction. At soim* small mills, untreat(*d green 
edgings are used for cross stickers and fr(*quently an^ inf(»cted befon* 
they ar(‘ used in the pile. ‘‘Stick<»r stain,” r(»sulting from the direct 
transfer of the staining fungus from the sticker to the lumber in con- 
tact with it, is common in these (‘as(‘s. Transfer from stained to 
unstained wood by dir<H‘t contact has been experimentally secun^d 
w'ith Ceratostomelhi ips, C, pillfera, Diplodia natalenslsy and Endo- 
eonidiophora coerutescens. Other fungi w'er(» not tri(»d. 

RELATION OF CHEMICAL CONTROL TREATMENTS TO 
DISSEMINATION 

It is now' a common practice to dip freshly saw’(‘d lumbt'r in a toxic 
chemical solution prior to air seasoning {9), Undoubtedly this 
practice has markedly changed the importance of some means of 
dissemination. Fungus spores disseminated during the milling opera- 
tion arc‘ supposedly killed in passing through chemical dips. Like- 
wise, air-borne spores and those carried by insects lighting and crawl- 
ing on treated lumber an* probably reiuh^rt'd largely ineffective^ by 
any toxic coating on the surface of the lumber. During prolonged 
periods of wet weather, when chemical treatments may fail to protect 
wood from staining, spores carried by air currents probably still play 
an important part in the dissemination of staining fungi. Since 
chemical treatment of exposed wood on log ends is the ('xception 
rather than the rule, dissemination to these ends by means of air 
currents and noiipenetrating insects is still relatively important. 

Chemical dips have affected not only the importanct* of primary 
inoculations in fresh lumber but also sc^condary spri^ad within season- 
ing piles by reducing the amount of inoculum prescuit. At 28® to 80® 
C. the time between inoculation and production of new spores on 
untreated green wood was 46 hours for (kraiosUmella ips, 22 hours for 
C\ pilijera, 22 to 70 hours for C, pluriannulata, 22 to 46 hours for 
Endoconidiophora coerudescens, and 22 hours for Graphium rigidum. 
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These spores, resulting from primary infections, can be carried by 
various means to other pails of the same lumber pile before the 
surface of the wood is too dry for infection. Although similar values 
are not available for sporulation on treated wood, it can be assumed 
that most primary inoculations would never cause infections and that 
where infection occurs the period before new spore production would 
be longer than on untreated wood, resulting in much less secondary 
spread within the pile. 

From observations made during the testing of commercial stain- 
control chemicals (.9) it was obvious that these chemicals had little 
effect as insecticides against ambrosia beetles. Although based on 
less evidence, there are indications that stain-control chemicals 
likewise have little deterrent action on bark beetles boring into bark 
fragments left on tr(>ated lumber or on beetles crawling on treated 
lumber. Thus the chemical treatments probably have had little 
effect on spores carried by ambrosia and bark beetles where inocula- 
tion is made below the treated surface. Treatment, however, would 
reduce the importanc<' of inoculations made by th(>se beetles on the 
wood surface whi‘re they light and crawl prior to penetration. 

DISCUSSION AND SUMMARY 

Staining fungi arc disseminated by means of air currents, insects, 
milling machinery, rain water, and the transport of infected wood. 

Of the important staining fungi, CeratosiomeUa jrllifera, C. ips, 
C. pluriannulata, Endoconidiophora coervlescem, GrapMum rigidum, 
ancf Diplodia natalensu were found to be carried by air and insects; 

C. pilifera, (I ips, C. pluriannulala, K: coervlescens, and G. rigidum 
by milling machinery; and C. pilifera, C, ips, E. coerulescens, and 

D. natalensis by the transport of infected wood. Although most 
staining fungi are disseminated by various means, f,’. ips and probably 
C. pini are disseminated mostly by the bark beetles with which they 
are specifically associated. 

Air-borne spores are now of less importance than before chemical 
treatments were in conunon use. However, they probably remain 
important since they may infect log ends, untreated lumber at the 
few mills not employing dips, and treated lumber during prolonged 
wet periods, when chemical treatments are not particularly effective. 

Although many species of insects commonly carry staining fungi, 
the effectiveness of inoculations by most species is lessened by tbe 
fact that inoculations are in the outer parts of seasoning piles, where 
the lumber dries too rapidly for much stain development, and by the 
use of chemical treatments. However, two groups of insects, the 
ambrosia beetles and the bark beetles, remain of practical importance 
as carriers of staining fungi. Bark beetle® are important mainly in 
inoculating pine logs, and ambrosia beetles in inoculating hardwood 
logs. Ambrosia beetles also attack green lumber of species most 
susceptible to staining, inoculating it below protective surface chem- 
icals. All the indications are that none of the commercial stain- 
control chemicals in common use have any repellent effcot on 
ambrosia and bark beetles. For the control of stain there is need 
of cheap and effective methods of repelling ambrosia and bark beetles 
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from logs aiul the former also from lumlxT. A start has been mad(‘ 
toward filling this need (f). 

Dissemination and inoculation during the milling process are im- 
portant when no chemical treatment is applied to the lumber as it 
leaves the mill. This importance increases when stained logs are 
being milh'd. Since chemical treatments are now commonly used to 
reduce stain infection, spores disseminated within mills are prol)ably 
of little importance. 

S|K)res carried by rain water probably aro not of much importance, 
since in well-construct(‘(l s('asoning pil(*s water does not pcuietrate the 
interior of th(^ })iles, where most serious staining occurs. 

Dissemination by th(‘ transport of inf(‘cted wood may be important 
in causing ^^stickc'r stain,'’ when stained green cross stickers are used 
in constructing seasoning piles. 

In the practical i^pplication of data on dissemination, it is necessary 
to consid(‘r not only th(‘ agents of dissemination but also th(‘ sources 
of inoculum. It was pointed out that th(‘ general use of stain-control 
chemicals has probably greatly reduc(‘d the amount of inoculum of 
staining fungi in s(‘asoning yards. Pn'viously reportcnl observations 
(IJ) in(licat(‘ that slabs, edgings, and similar green material are suited 
to th(‘ production of spores of staining fungi in larg(‘ numbers but that 
old and weathered debris is not. Tlnu’efore, sanitation in and around 
s(‘asoning yards should include restriction of accumulations of gi*een 
refuse of "both pine and hardwx)od. With hardwoods, fruiting of 
staining fungi is also common on the ends of logs and the ends of 
lumber cut from stain(‘d logs (10). This argues for quicker utilization 
of hardwood logs and wider use of chemical treatments for hardwood 
log ends (9), 
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EFFECT OF DIFFERENT SOIL COLLOIDS ON THE 
TOXICITY OF SODIUM SELENITE TO MILLET * 


By P. L. (iiLE, nenint chemist, and II. W. Lakin, asswiale chemist, Division of 
Soil Chemistry anil Physics, Bureau of Plant Industry, United States Department 
of Agriculture 

INTRODUCTION 

In a previous si udy it was shown that th(‘ toxicity of sodium sclenate 
for millet and wluait is very little affected hy different soil colloids 
(7).^ It was pointed out, liow<'ver, that the results obtained with 
sodium sclenate should not he taken as applying; to other forms of 
sehmiurn, since preliminary experiments indicated that the selenite 
ion behaves quite differently from the sclenate. The results reported 
in this paper deal with the* effects of different soil colloids on the toxic- 
ity of sodium selenite. 

METHODS 

The toxicity of sodium selenite was measured chiefly by the growth 
of foxtail millet {Setaria italica (L.) Beauv.), although some experi- 
ments were conducted with Marqiiis wheat {Triticum aeativum L.) and 
with rice (Oryza mtim L.). The jdants were grown in pure quartz 
sand and in mixtures of soil and sand containing usually 1 percent of 
colloidal soil mat erial. Quantities of sodium selenite near the quantity 
required to reduce the yield one-half were applied to the two mediums, 
and the exact (tuantity of selenite required for half injury was deter- 
miiHul from a graph of yitdds plotted against selenite applications. 
The value for quartz sand 8ubtract(*d from tlu' value for a sand-soil 
mixture gave a figure representing the effect of the soil application on 
seh'iiite toxicity. As in previous publications (6*, 7), this t»ffect of the 
soil was assumed to bc' due to tlie colloidal material present. 

The fertilizer mixture* added to each 1 -gallon pot containing about 
5 kg. of quartz sand or sand-soil mixture was 0.93 gm. of potas- 
sium nitrate, 0.33 gm. of ammonium sulfate, 0.0185 gm. of ferric 
tartrate, 0.42 gm. of magnesinm chloride (MgCl2.6H20), 0.085 gm. of 
sodium chloride, 0.0015 gm. of manganese sulfate (MnS 04 . 2 H 20 ), and 
quantities of monocalcium phosphate that varied according to the 
estimated capacities of the soil for rendering phosphate unavailable (5) . 
In most of the experiments 0.12 part per million of copper, 0.06 p. p. ra. 
of zinc, and 0.1 p. p. m. of boron were also added. Those salts, as w^ell 
as the sodium selenite, w ere dissolved in the 750 cc. of water making up 
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the water content of the pot and added to the top of the pot. The 
fertilizer added to the whole soils in experiments 1, 2, and 3 was 1.40 
gm. of potassium nitrate, 0.33 gm. of ammonium sulfate, 0.136 gm. 
of ammonhun chloride, and the variable quantities of calcium 
monophosphate expressed as PjO* shown in table 1. 

Data regarding the soils used in this study are given in previous 
publications as follows: Nos. 188 to 392 (S, 15)] Nos. 6678 to 8736 
{12)] 9475 and B407 {IS)] 9804 and 9805 (4); B1086 {2)] C799 to 
C805, C1478, and C1479 {!) ; C913, C1672, and C1673 (S) ; C2917 and 
C2918 (from the same location as Nos. 10083 and 10084, respectively), 
and C2929 and C2930 (from the same location as Nos. 10305 and 
10306) (4). Soils C3175 and C3177 arc described in a fortbcximing 
publication.® 

PRELIMINARY EXPERIMENTS 

In preliminary work a few experiments were conducted with whole 
soils and with quartz sand. The results are given in table 1. 

The results show that sodium selenite is highly toxic in quartz sand 
but relatively nontoxic in whole soils. Only 0.0014 gm. of selenium as 
selenite per pot was required to produce half injury in quartz sand; 
whereas in the Chester, Vernon, and Muskingum soils, 0.0100 gm. of 
selenium produced no injury whatever, and in the Kirvin B soil even 
0.0800 gm. had no effect on growth. In the Colby soil, however, 0.0068 
to 0.0100 gm. of selenium was sufficient to reduce growth one-half. 
Quite different results were obtained in previous work with sodium 
selonate. The selanate was only a little less toxic in whole soils than 
in quartz sand. The average nalf-toxicity value for 14 whole soils 
was 0.0066 and for quartz sand in the same experiments, 0.0042. 
Although soils have no appreciable capacity for nxing the solenate 
ion, they evidently have a considerable capacity for fixing selenite. 

In none of these experiments was there any evidence of growth 
being stimulated by sodi^ selenite. 

Seemingly sodium selenit'o is more toxic in quartz sand than sodium 
selenate. In these experiments 0.0014 gm. of selenium as seleniU* 
per pot produced half injury in quartz sand as compared with 0.0044 
gm. of selenium as selenate, found in previous work (7). However, 
the toxicity of the selenate varies markedly with the sulfati* supply 
(7, 10). ^ experiment was therefore coaiducted to see whether sele- 
nite toxicity is likewise affected by the sulfate concentration. In 
this experiment Marquis wheat was grown in quartz sand, eight plants 
per pot; the sulfate supply was varied by substituting ammonium 
sulfate in the standard fertilizer. The quantity of monocalcium 
phosphate applied was equivalent to 0.20 gm. of phosphorus per pot. 
The results are shown in table 2. 

* M. Sm Keyes, Maby G.» and Cbomeb, Geoboe W. solitble matebial or soils in 
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Table 1. — Effect of different whole soils on toxicity of sodium selenite to miUel 
EXPERIMENT 1 (MAY 24-Jt:NE 18) 








Air-dry yield per pot of 

Se per 






Sodium 

})lants abo\ c ground 

pot re- 

Soil 



Caro, 

a}»plied 

PjOs 

applied 

selenite 





qiilred to 

sain- 

}»le 

Kind of M)!! 

Depth 

added }>t‘r 
jKit (ex- 





re<lucc 
yield of 

No 



|i4*r 1 

}H*r pot 

r>resst^d 

Scries 

Serie.s 

Series 

Avei- 

plants 






as Se) 

A 

B 

r 

age 

by one- 










half 



Incht^ 

Grams 

Grams 

Oram 

Grams 

Grams 

Grams 

Grams 

Gram 







0 

4 ‘(0 

3 94 1 

3 78 

4 

] 


Quartz sand 


0 

0 20 1 


.0050 

. 19 

.15 

. 16 

17 

1 



\ 




.0100 

.(»0 j 

04 1 

. 06 

05 



1 




0 1 

4.46 

4.83 

4 D 

4 47 


noo 

("hosier loam _ . j 

0- 8 

2 0 

2 00 


.00.50 

4 24 j 

4 63 

4 55 

4. 47 



1 





.0100 

4.07 j 

4.45 

4 96 

4 49 





1 



0 

4.77 

4 70 

4 60 

4 71 


6719 

Vi'rnnn fine sandy 

0-10 

0 ' 

40 


(Hl.'H) 

4.42 

4 50 

4 43 

4 45 



loam. • 

1 




0100 

4.60 ! 

4 44 

4.0.5 

4. 36 




i 




0 

5 97 i 

7 57 

7 88 

7 14 

1 

6842 

hilly clay 

2-10 

0 

.20 


0050 i 

4 14 

4 20 

5 21 

4 54 

} 0 Of'68 


loam. 





.0100 

1.98 

1 58 

2 14 

1 90 

1 


EXPERIMENT 2 (SEPT. 1-24) 







0 

3 10 

3.29 

3.09 

3 16 

] 


(Biartr saml 


0 

0 20 

0015 

1.60 

J 10 

J iO 

1 47 ‘ 

> 0 0014 






0040 

31 

35 

. 25 

.30 

I 






0 

5 70 

5 71 

6 09 

5 83 


H407 

Miiskingiiiti silt 

0- : 

2 0 

.27 

0050 

5 78 

5. "4 

5 05 

5 .52 



loan). 




0100 

5. 64 

5 65 

5. 80 

.5. 70 

_ 






0 

3 18 

3 IM) 

3.44 

.3 41 


WITj 

Kir MM fine .san<l.\ 

12-24 

2 0 

2 66 

(HOO 

3. 75 

3 ‘*.2 

3.12 

3 .50 



Iimrn. 




0800 

3 13 

3 87 

3 02 

3 34 







0 

3 70 

3 78 

3 44 

3. 64 


(•.67V 

do 

0 12 

0 

67 

0200 

3 35 

3 17 

3.43 

3 42 


„ . J 

1 

j 


1 

1 

0400 

3 2.5 

3 10 

3 8'. 

1 

3 40 

*- 



EXPERIMENT 3 (0("T 12-NOV 13) 
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1 The halMoxloity value Is something less than 0.0626. The true value cannot bo determined from the 
data because of the curvature of the toxicity curve and inter} olatlon between distant ]}oints. 

Table 2. — Influence of sulfate on toxicity of sodium selenite to wheat in quartz sand 
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In this experiment the selenite required for half injury is constant 
within the limits of experimental accuracy for fivefold and tenfold 
variations in the sulfate supply. Evidently selenite toxicity is 
affected little or not at all by the sulfate concentration, at least so 
long as the supply is sufficient for normal growth. Nevertheless, it is 
possible that the injury produced by selenite, as well as by selenate, 
may be duo to an insufficiency of sulfur in the plant. 

An experiment was also conducted to see whether toxicity of the 
selenite is influenced by the phosphate supply. This was necessary, 
since in subsequent experiments the phosphate applications to differ- 
ent sand-soil mixtures were varied according to the estimated capaci- 
ties of the soils for phosphate fixation. Also, one might expect an 
antagonism between phosphate and selenite. The results of the 
experiment, conducted with millet grown in quartz sand and in two 
sand-soil mixtiures, are shown in table 3. 

The toxicity values for high and low phosphate applications are the 
same, within experimental error, in quartz sand and in the Marshall 
soil-sand mixture. In the Cecil soil-sand mixture it apparently takes 
more selenite to reduce the yield one-half with the lowest phosphate 
application than it does with the two higher phosphate applications. 
It will bo noted that the lowest phosphate application in the Cecil 
soil-sand mixture was not sufficient for maximum growth in that 
mixture. It may be concluded that the toxicity value for sodium 
selenite does not vary with the phosphate supply so long as t his is 
suflicient for maximum growth. Similar results were obtained pre- 
viously with sodium selenate (7) and calcium arsenate (6). 

SPECIFIC EFFECTS OF SOIL COLLOIDS ON SELENITE TOXICITY 

The effect of different soil colloids on selenite toxicity was d(‘ter- 
mined in sand-soil mixtures that contained sufficient soil to supply frO 
gm. of colloid per pot, equivalent to about 1 percent of tin* sand-soil 
mixture. Millet was grown in all experim('nt8 except one in which 
Marquis wheat was tin; crop plant. The results are shown in table 4. 
The weight of the roots was recorded in order that the selenium ab- 
sorbed by the plant might be determined ; but only the weight of tops 
(the part of the plant above ground) was used in estimating the 
quantity of selenite that reduced ^owth one-half. 

The haJf-toxicity values (selenium required to reduce the yield 
one-half) given in table 4 are those obtaining in quartz sand or 
in sand-soil mixtures. By subtracting the sand value from that of 
the sand-soil mixture, a half-toxicity value is obtained which repre- 
sents the effect of 50 gm. of colloid per pot or of 1 percent of soil 
colloid. These specific values, expressed as grams of selenium per 
pot, are shown in table 5. Data in tables 3 and 7 as well as in table 4 
were used in compiling this table. Values given for the Colby, 
Marshall, Cecil, and Kirvin soils are averages of duplicate deter- 
minations. 
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EXPERIMENT 8 (SEPT. 25-NOV. 2) 
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EXPERIMENT 11 (FEB. 28-APR. I) 


Nov. 15. 1941 Toxicity oj Sodium Selenite to Millet 



82 

-H-H 

28 

®8 

88 

28 '22 '22 


M-W 

-H-W 

-H-H 

■HM :4^-H ;-H-H 


28 


CIO © 

8g 

2| :28 :22 


MO MO 

04 MO 

04 iC 

1 ic »C 

ecMo ioiec 'o»eo 


II 

-H-H 

*8 

M-H 
=*8 i 

II 

-H-H 41-H ;4^•4^ 
28 ;'-^2 


I 


“S 3! 

25 25 




I CC <N <-• 00 <c5 ^ «0 W O « «C 'rf I'- *C « 


:^S 

ec « 


■ *o o ' *« © 
■-Hli i-ull 
:2S? 


|S 

55 


'2^ ,S8 
-H-H ;*4^-H 
§58 ;S2 ;sg 


«0 *0*0 
-^5 .-n-H !^5 
28 28 :28 


2 8 
g 8 


M OC 

8 i 


S «i-I©©2r©‘2©»-C4©<M'TCC 
^ w I- Tf e<< t- *-< I-- !» ec. ic w — 


i i 


8SS$28r:S288:58S8;? 

PC'-* ‘ecc4 ccM rcjc^csi-< 


eo36*oo^®wi-cjo^»-^^t'*25«^e«o«-<iK } 

i we<*-<©©?ci-»oC'io-^C4©e*5 , 


'82lc!^ ' S82 

ec ' w « 04 * I , csl .4 ' 


1 gg8SSBSS8?!R2SSR2SS2ggS ' a; 

j C0C4<-ii*©^l'-»CC<5©^*-5*C05-<©»CC'4©»C€C [ < 


04 -H -I'M eo -< fcco— 'Oi— < 


SS3:88t2gS8g8SSS8S82828S5 i 

PC 04 •-< OOO e*S© »C OI © ^ tc oi I- »0 04 ! ^ 


11 ii ii li §g ii : t ' 

88 88 88 il 255 55 88 i f; . 

■ W I 


o o o © c o c 


88285^238.^2 gi^gSs §5$' 

ec*^ eco4 ’ec-^ ''ifec04 04-< 


=1 

sS 


^ ' © © © o © 


8 8 8 2^88 


tii 

su 

X 

u 


8 8 8 8 8 


2 Ji 

.-Jo 


CO© 


N - ^ 


6 ^ 


* 8 2 
04 cj; i -i 


1 

'S 


cy o 


>> 


8 

U L. 


u u 


■c 

o 

•o 


S 

I 

1 


O* « 


§ 

g 


2 2 

<«P -c* 

C € 


567 


(108t) 



Tablb 4 . — Effect of different soil colloids on toxicity of sodium selenite to plarU growth in sand-soil jnM:(«res— Continued 

EXPERIMENT 13 (DEC. 9-JAN. 26, PLANTED TO WHEAT) 


568 


Journal of Agricultural Research 


Vol. 63, No. 10 


Sc in air-dry plants 
and limit of error of 
determination 

Roots 

g i 
d : 

< i 

$8 :88 '8§ 188 

II i III i 

1 1 1 

Tops 

B i 

i 

^ : 

88 188 188 1*^8 
II 1^1 III 1^1 

8e per pot 
required to 
reduce yield 
of plants 
above 
ground by 
one-half 

Gram 

0.0031 

.0150 

.0076 

.0226 

Average 
air-dry 
yield of 
roots 
per pot 


io 

1 

Air-dry yield per pot of plants above 

ground | 

Average 

— 

Grams 

1.01 

1.23 

.74 

1.05 

1.70 

1.22 

1.07 
1.29 

.24 

2.07 
2.03 
1.25 

Series C 

Grams 

1.61 

1.08 

.74 

1.85 

1.61 

1.31 

2.04 

1.10 

.31 

1.88 

2,15 

1.11 

Series B 

Grams 

2.12 

1.31 

.76 

1.87 

1.02 

1.21 

1.05 

1.37 

.21 

2.15 

2.07 

1.37 

Series A 

Grams 
2.00 
1.30 
.73 
2.12 
1.57 
1. 15 
1.03 
1.39 
.21 
2.10 
1.88 
1.27 

ll|1 

nil 

as Se) 

6 1 
1* 

11 ii ii ii 

o o o 

.t..,., 

PfOi 
applied 
per pot 

Gram 

0.20 

.20 

.20 

.40 

Depth 


1 g 00 

; i i 

Kind of soil mixed with quartz sand 


> 

1 

X 

i 

g 

0 

Muskingum silt loam . 

Colby silty day loam 

Nacc^doches fltw sandv loam _ _ 

Soil 

sample 

No. 


B407 

6842 

0475 



EXPERIMENT 14 (FEB. 16-MAR. 23) 


Nov. 15, 1941 


Toxicity of Sodium Selenite to Millet 


S8 i 

“’S 188 

:8S 

■g 1 : . : : • 

4lll i 

-H? ii|*H iij-H 

i-H-H 

15 : i : : : : 

§1 

8g :28 ;§| 

:g8 

;g ; ; 1 : : : 

1 1 1 1 1 1 ( 


»c»o 

01 TS£ 

I =F8 



(NcC 

-H-H 

C ao 

-H-H ;-h5 

M 

•*f *C ‘C 

MM i' 
8i? '} 

M 

8 

k: z; 8 

8 8 5 

i 1 

s s 

^1 

ssoo 




c4*4 ' * '•' cs ec w ^ s*s *4.4 


!5!3«SZ^SSSS::S$S^SSSSSiSSS9 

e^*4 ’-.iJcsi ‘ ‘wcicicc ' "Mi-I ‘ci-n 


c4*4 ’*rfec ‘ <»»'C«*4f«sc4e4ec 


*#>c^*4c4cc»-ico C^*-i*,.-i 


11 11 11 11 11 ii if 


o o o 




2 



■3 

'S 

*2 

]§ 

1 

1 

1 


E 

M 

a 

>» 

*s 

g 

§ 

o 

tS 

a 

i 

§ 

1 

Im 

1 

1 

1 

1 

a 

u 

a 


§ 



s 

u 

i 

s 


>* 


e 

1 


& 

d 

61 

§ 

E 


u= 

E 

3 


o s 


4^ 8 ® 

i d s 

= I 

£ g s 

Err 
s s 

^ S c 

■§ .a 5 


« 

o 


J5 

! S 

I s 


569 



570 


Journal of Agricultural Refiearch 


Vol. 63, No 10 


Tablb 5 . — Specific effects of soil colloids on selenite toxicity as related to chemical 

composition 





Effect of 

60 gm. soil 
colloid on 
half-toxicity 
value (ex- 
pressed as 

8 e per pot) 


Molecular 

Soil 

sample 

No. 

Kind of soil 

Depth 

Percentage of 
iron (F2O3) i 
in colloidal 
material ' ; 

ratio of SiOa 
to AliOj-F 
Ft'iOs in 
colloidal 
material ^ 



Inches 

Oram 

Percent \ 


392 

Hagerstown loam 

8-30 

0. 0014 

11.31 1 

1.89 

C2929 

Bames loaifi . 

0- 9 

.0020 

9.90 1 

3.06 

C2930 

--.do 

9-17 

.0022 

10.93 

3.00 

C805 

Hagerstown silt loam 

12-33 

.0023 

9. 62 

2.03 

6842 

Colby silty clay loam - - . 

2-10 

.0024 

7. 10 

3 41 

C800 

Hagerstown silty clay loam . 

8-14 

.0026 

10.80 

1.86 

8736 

Marshall silt loam ... 

0-13 

.0026 

9. 10 

2 01 

306 

Stockton clay adobe 

0-38 

.0026 

10.67 

2. 87 

196 

Clarksville silt loam - - 

0-10 

.0028 

10 05 

2. 18 

6719 

1 Vernon fine sandy loam 

0-10 

.0031 

10.70 

2.60 

C804 

Hagerstown silt loam . - - - 

3-12 

.0033 

0.60 

2. 10 

B1086 

! Spearflsh silt loam . - 

0-12 

.0084 

6.40 

2 84 

CJ479 

Ix'banon silt loam. . - 

6-11 

.0035 

9.60 

2.66 

9805 

Columbiana clay 

10-26 

.0035 

16. 16 

.81 

188 

Orangeburg fine sandy loam 

10-36 

. 0 (Ki 6 

10,08 

1 71 

C3177 

Russtdl silt loam . . - 

13-23 

.0036 

12.41 

2.36 

C3176 

- do - 

2 - 8 

.0037 

11 00 

2 43 

9804 

Columbiana clay. . 

0-10 

.0037 

16. 36 

81 

C2918 

Carrington loam . . . 

13-22 

.0038 

10.07 

2 38 

C2917 

. do . .. ... 

3-13 

.0042 

10 09 i 

2 39 

198 

Sassafras silt loam 

8-22 i 

.0044 

12.73 

1 89 

B407 

Muskingum silt loam - . 

0- 7 

.0047 

9.97 

2.26 

ri672 

Chester loam . 

10-34 

.0060 

17.56 

1 74 

6379 

Kirvin fine sandy loam 

12-24 

. 0051 

14. 37 

1 74 

C799 

Hagerstown silty clay loam 

2 - 8 

. 0061 

1 1. 62 

1 70 

(:813 

Manor loam . 

1 - 8 

1 . 0053 

10 33 

1 1.81 

01673 

Chester loam 

34-60 

.0053 

20 21 

1.63 

01478 

Lebanon silt loam ... 

6 

.0069 

8 80 

2. 74 

6977 

Cecil sandy clay loam ... 

0 - 6 

.0064 

14 67 

1.34 

300 

Chester loam ... 

0 - 8 

. (X)65 

16. 93 

1 64 

9475 

N acogdoches fine sandy loam .. 

I 0 - 8 

. 0093 

28 06 

1 07 

6678 

Kirvin fine sandy loam 

1 0-12 i 

.0170 

14 74 

2 02 


^ CoelRcienl of correlation of selenium values with percentage of iron (Fe»C)j), -fO.Al 

* Coefficient of correlation of selenium values with molecular ratio, 4 "] ,( 32 

The accuracy of the half-toxicity values shown in table 5 cannot be 
calculated exactly, but probably most values are accurate within 10 
to 20 percent of the values given. This is indicated by the agree- 
ment of duplicate determinations appearing in tables 3, 4. anil 7. 
The duplicate half-toxicity values of the soil colloids are as follows: 
Colby, 0.0025 and 0.0023; Marshall, 0.0023 and 0.0029; Cei^il, 0.0077 
and 0.0050; and the Kirvin 12- to 24-inch layer, 0.0050 and 0.0051. 
There are also 14 determinations of selenite toxicity in pun* (|uartz 
sand. These arc not strictly duplicate determinations, since different 
shipments of sand varied in the impurities present, but they give 
some idea of the experimental error. The extremes of the 14 deter- 
minations are 0.0010 and 0,0022; the average value is 0.0014, and 
the standard deviation iO.0003. 

The values given in table 5 show that the soil colloids vary widely 
in their effect on sodium selenite. The highest value is more than 10 
times the lowest. This is in strong contrast with the uniform absence 
of any effect on sodium selenate. However, in previous work a 
somewhat greater variation was found in the effect of different 
colloids on calcium arsenate {6). 

The values ^ven in table 5 ^ould fairly represent the comparative 
effects of the different soil colloids on selenite, since they were obtained 
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by m(»asuring Uio eflVcts of (*qual (juantitics of mat(‘Tial undt'r similar 
coTiditioiis. It sooins, howovor, that those values representing the 
effect of 1 percent of colloid cannot safely be ustal for calculating the 
effects of the whole soils on sed(‘nit(‘. Wh(ai the values are niultiplied 
by the percentag(‘ of colloid in the soil, the r<»sults in some instances 
are quit(' far from tin* actual effect of the whole soils. This is indi- 
cated by the r(^sults of experiment 14 (table 4) in which the effects 
of increasinj^ (juantitics of colloid are comjiared. 

It will be seen that the effc'ct of the colloid on scdenite increases 
with the quantity of c'olloid applied, but the results are not consistent. 
In the case of the Colby and Kirvin soil-sand mixtures, increasing: the 
colloid by three timers increases the effect on selenite not by three 
times but by approximately two times. The result with 20 gm. of 
Cliester colloid is anomalous but apparently is not due to experimental 
error. In previous wnrk with calcium arsenate the effect of the 
colloid increased in direct proportion to the (juantity applied, up to 
applications of 100 or 150 gm. of colloid, although it was presumed 
that the relation would not hold for much lar^(n quantities of colloid. 
The poorer results obtained with selenite might be due to the fact 
lhat sodium sideniU^ was applied in solution to the top of the pot; 
wheixais the calcium arsenate was mixed with the whole volume of 
th(^ sand-soil mixture. 

The sp(*cific (4f(*cts of the colloids bear little relation to the broad 
groups of soils (established by soil classification. Some of the data, 
such as the comparative effects of topsoil and subsoil colloids, indicate 
that the (dfect of a colloid may be associated with a minor character- 
istic. Values giv(?n in table 5 for twx) layers of the same soil are 
brought together in table b. 

Table 0 . - Effects of colloids in two different layers of the same soil type on half- 

toxicity values 


Kind of Mill 

! r)(i>th of soil 

1 sample 

1 

1 ' 

: Upper , Lower 

Etlecl of soil eolloid 
on halMoxieity 
value (exi>ressed 
as Se per pot ) 

1 

UpiMT : Lower 


1 

i Inches 

Inches 

Oram 

Oram 

narno.s. Niw, ('2929 and . 

I 0- 9 

9-17 

0 (K)20 

0 0022 

('arrinKton, Nos. (^2917 and ('2918- 

- . I ;M3 

13-22 

. 0042 

.oo;i8 

Cheater, Nos. ('1672 and C1673 

1(1-34 

34-60 

. 0060 

.0063 

( 'oluinbiana, Nos. ('9804 and C9805. 

I 0-10 

10-2:) 

0037 

.(X)36 

Hagerstown, Nos. C799 and C800 — 

1 2-X 

8-14 

0061 

.IX)25 

Hagerstown, Nos. ('804 and C805, ,, — 

3-12 

12-33 

0033 

. (X123 

Kirvin, Nos. 6678 and 6679 

0-12 

12 24 

.0170 

.0061 

l^elmnon, Nos. (''1478 and C1479. . 

. j 0~ 6 

6-11 

.0069 

.00.35 

Uuss<.*ll, Nos. C3175 and C3177 . _ 

1 2- 8 

i 

13-23 

.0037 

.0036 


In five soils the colloidal material of the deeper soil layer had almost 
exactly the same effect on selenite toxicity as the colloid in the layer 
nearer the surface, but in four other soils the upper soil colloid was 
considerably more effective than the lower. It w^as thought possible 
t^t the greater effectiveness of the upper colloid obtaining in some 
cases mi^t be due to organic matter. Several experiments were 
conducted to see if this was correct. 



Table 7. — Effects of organic matter ^ water content^ and iron gels on toxicity of sodium selenite 

EXPERIMENT 15 (NOV. 12-DEC. 21) 


572 


Jounrud of AgriettUural Research 


Vol. 63, No. 10 


Se in air-dry plants and 
limit of error of deter- 
mination 

Roots 

'1 1 ^ 1 i I ^ ^ i 1 

a; 

a 

o 

H 

. S 2 2 S 8 8 

U^UiiUii 

a. 

Se per pot 
required to 
reduce yield 
of plants 
above 
ground by 
one-half 

J I 1 I I I I I I I 

So 

o 

t 

Average 
air-dry 
yield of 
roots per 
pot 



s 

Air-dry yield per pot of plante above 
ground 

1 

& 

< 

g ■ ci rs ^ M t-J ci ' «s .-4 « •-1 csi * 1-4 ‘ 

0 

1 

^ 1 4 t t 1 4 QfD 1 1 1 « { 

C • 1 1 4 t 1 * ( 4 , t t ( 1 t 1 

2 ^ lilt 111 f>i4 1 t 1 I 

^ 1 . 1 111 1 1 < 1 

A 

Vi 

*c 

g,4i-4c4«4e<jf-ici«-4C4M«-« *eo-4cCi-Jci ',-4 ' I 

< 

1 

j 5^ '^i-^co-4csi 'r- ’ 1 

i S ! 

1 

Sodium 
selenite 
per pot 
(expressed 
as Se) 

cceceoeowoocoo 

s888S8ili§8 

So 00000*0 000 
t5 

PtOi ap- 
plied per 
pot 

j 

1 

g d 
tD 


Oft 


s 

I 

■S 

"3 



11111 
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EXPERIMENTS TO EXPLAIN SPECIFIC EFFECTS OF DIFFERENT SOIL COLLOIDS 

In experiment 15 (table 7), various organic materials were applied 
in conjunction with the Kirvin 12- to 24-inch material to see if the 
two materials together would have an effect approaching that of the 
Kirvin surface layer. The Kirvin subsoil was added to quartz sand 
at a rate to supply 50 gm. of colloid per pot; the organic materials 
were added at the rate of 10 gm. per pot. The peat was a reed peat 
of pH 4.84; the ^‘peat+CaCOa” was the same peat limed to pH 6.81. 
The activated charcoal was a commercial product rendered prac- 
tically neutral by washing with distilled water. The so-called humus 
was the finest, more decomposed forest litter found on top of Chester 
soil. It had a pH value of 3.89. Millet was the crop plant. 

The organic materials alone, that is, mixed with quartz sand, all 
had slight capacities for reducing the toxicity of sodium selenite. 
Added to the mixture of sand and Kirvin soil, only the humus increased 
the capacity of the mixture for rendering selenite nontoxic, but the 
half-toxicity value characteristic of the whole mixture (sand + Kirvin 
soil+humus) was not significantly greater than that of the separate 
constituents. The results of this experiment do not supnort the idea 
that the toxicity values of some A horizons are higher tlian those of 
B horizons owing to the presence of more oi*ganic matter. 

It was thought possible, however, that some kind of organic matter 
might affect toxicity values by creating reducing conditions. An 
experiment was conducted in wldch exaggerated reducing conditions 
were produced by maintaining an excessive water content in the shtkI- 
soil mixtures and by maintaining an exec'ssive water content in 
conjunction with added organic matter. Robinson (Z^) has shown 
that when soils are kept under submerge^d conditions considerable 
iron is rendered soluble, particularly in the case of soils high in organic 
matter. If soluble iron were produced in the sand-soil mixture, this 
might combine with the selenite and render it less toxic. 

Experiment 16, in which excess water was kept in some of the pots, 
was conducted with rice, since this plant grows well in soil with (utluir 
a normal or excessive water content. In this experiment the standard 
fertilizer shown on page 559 was applied ; 7 rice plants were grown per 
pot; 10 gm. of Hyperhumus was applied per pot, and the Muskingum 
soil was applied at the rate of 50 grn.^of colloid per pot. The Hyper- 
humus is a commercial peat of pH 5, used currently for soil improve- 
ment. All pots were kept at a water content of 15 percent until the 
plants formed their third leaf. The water content of half the pots 
was then raised to 29 percent, which was sufficient to more tliair 
saturate the sand and the sand-soil mixtures. The results of experi- 
ment 16 are shown in table 7. 

The sodium selenite was somewhat less toxic in ouartz sand at the 
higher water content than at the lower; that is, the iialf-toxicity value 
of the sand was greater at the high water content. Whether the 
capacities of the soil and peat for reducing selenite toxicity were af- 
fected by the water content can be seen when the half-toxicity values 
of ouartz sand are subtracted from those of the sand-soil mixtures. 
Under low and high water content the Muskingum soil had half- 
toxicity values of 0.0064 gm. and 0.0058 gm., the Hyperhumus had 
haJf-toxicity values of 0.0004 gm. and 0.0003 and the mixture of 
Muskingum soil and Hyperhumus had half-toxicity values of 0,0072 
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gm. and 0.0060 gm. It is also to bo noted that the half-toxicity values 
of the mixture of Muskingum soil and Hyperhumus are almost exactly 
the sum of the half-toxicity values of the separate constituents. 
Evidently reducing conditions induc(*d by saturation of the sand-soil 
mixtures had no effect on the capacity of Muskingum soil colloids 
for rendering sodium selenite less toxic, even when considerable 
organic matter was i)r(*s(‘nt . 

Before experiment 16 (table 7) was carried out, a similar experiment 
had be(*n coiuluct(Hl wit h a moss peat of pH 5 instead of Hyperhumus. 
Seed was planted on Januarj^ 2, but growth was so weak and spindling, 
presumably owing to insuflicient sunlight, that the plants were cut 
on January 26. The air-dry yields of pots receiving no selenium were 
only about 0.10 pn. per pot. It was assumed that this experiment 
was a complete failure; hence seed for experiment 16 (table 7) was 
planted on February 21 . It is of interest to note that the slight yields 
of this s(‘emingly abortive experiment gave half-toxicity values similar 
to lhos<‘ of (»xp(‘rim(*nt 16 just discussed. Under low and high water 
content the half-t()xi(*itv values were as follows: For quartz sand 
0.0015 and 0.0019 gm.; for the Muskingum soil, 0.0075 and 0.0071 
gm.; for the peat, 0.0005 »nd 0.0021 gm.; and for the mixture of peat 
and Muskingum soil, 0.0070 and 0.0081 gm. 

Naturally it was thought that the effect of tlu^ colloidal materials 
on selenite was at l(‘ast partly due to the iron content, since work of 
Williams and Byers (16) had indicated that soils may contain an 
insoluble basic ferric 8(‘lenite. Experiments were therefore conducted 
with artificial iron gels; not that positive results would necessarily 
prove the correctness of th(‘ idea, but that negative results would 
practically disprove* it. The* results of experiments 17 and 18 with a 
dry and a moist iron gel are shown in table 7. The gels were prepared 
from ferric chloride and sodium hydroxide. The precipitates were 
washed by decantation until they began to dispei*se. The moist gel 
was then dried on a steam bath. About 10 gm. of the dry gel and a 
quantity of moist gel (*qui valent to the 10 gm. of dry gel were applied 
per pot. It was nec*(*ssary to apply a large amount of phosphate to 
tin*. i)ots r<»ceiving iron g(*ls in order to supply the plants with phos- 
phoric acid. The results of experiment 18 indicate that the quantity 
of phosphate applied to pots containing the moist gel was insufficient. 
The variable yields with selenite applications less than 0.0960 gm. of 
selenium per pot w<'re presumably due to variations in available 
phosphate. It was difficult to mix the phosphate evenly with the moist 
mixture of sand and iron gel. The value of about 0.1 gm. of selenium 
required for reducing the yield one-half in the presence of the moist 
gel is probablv only approximate, but it is evidently many times 
greater than the 0.0070 value characterizing the dry gel. The effect 
of iron gels on sodium selenite obviously varies greatly with the 
condition of the gel and may be very considerable. 

SPECIFIC EFFECTS OF SOIL COLLOIDS AS RELATED TO THEIR 
CHEMICAL COMPOSITION 

The figures shown in column 4 of table 5 are strictly the results of 
the soil applications but are assumed to represent the effects of the 
50 gm. of colloidal material present. Presumably the values are 
specific values for the soil colloids and may be regarded as showing 

428481—41 2 
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that the selenite, expressed as grams of selenium per pot, was rendered 
unavailable or nontoxic by 50 gm. of colloid. These values are sig- 
nificantly but imperfectly related to the ultimate chemical composition 
of the soil colloids. As shown at the bottom of table 5, the effects of 
the colloids on selenite are more closely related to the percentages of 
iron present than to the silica-sesquioxide ratios of the colloids. The 
molecular ratios of iron to silica plus alumina were calculated and 
found to be related to the sehinite values in about the same degree as 
the simple percentages of iron. The coefficient of correlation was 
-f- 0.44, 

These results are similar to those obtained in a previous study deal- 
ing with the effects of soil colloids on the toxicity of calcium arsenate 
{6). The coefficient of correlation between the arsenate values and 
percentages of iron was +0.59, the same, within limits of error, as the 
correlation between selenite and iron. It would seem that the arse- 
nate and selenite values should be quite closely corndated, but appar- 
ently th(»y are not. Twelve of the soils tested in this study of sodium 
selenite were used in the work on calcium arsenate. The effects of 
these soils on selenite toxicity arc related to the effects on arsenate 
toxicity only to the degree expressed by the coefficient 0.47. 

The fact that toxicity valiums of sodium selenite are not more closely 
related to the percentages of iron than by coeffici(>nt 0.51 may be ex- 
plained on the ground that it is reactive iron rather than total iron 
which is effective in rendering the selenite nontoxic. Unfortunately, 
methods are not available for determining the reactivity of iron in the 
soil colloids. But presumably the soil colloids may contain iron in 
forms that vary widely in their reactivity with S('lenite, just as did the 
moist and dried iron gels previously mentioned. It is known that a 
varying proportion of the iron is present as silicate and that tlu' fiM'c 
iron oxide varies in crystalline structur(‘ and d(‘gree of hydration. 
Possibly each colloid contains not simple reactive and nonreactive 
iron but iron in various decrees of reactivity, just as artificial catalysts 
contain atoms of varying reactivity. Such a condition could account 
for the significant, but not close, correlation b(itwe(*n the sp(*cific 
effects of the colloids on arsenate and selenite. 

j^other factor affecting the toxicity values may be microbiological 
activity. There was no control of this ^in the experiments rei>orted. 
According to Maassen {11) there are several micro-organisms capable 
of reducing selenium salts to volatile organic compounds; presumably 
sodium selenite could be reduced to metallic selenium in the soil, since 
Hurd-Karrer has reported the presence of metallic selenium in wheat 
roots {10). Hurd-Karrer {9) fomid elementary selenium nontoxic. 
The toxicities of volatile selenium compounds in the soil have not 
been determined, but presumably they arc^ different from that of 
sodium selenite. The formation of such compounds, therefore, 
would probably affect the toxicity values. 

The fact that during an experiment there was usually a character- 
istic selenium odor in the greenhouse indicates that there was some 
microbiological action on the selenite applied. But whether it was 
of such a character or magnitude as to affect the half-toxicity values 
appreciably is uncertain. Evidently it was not the chief factor affect- 
ing the values. If it had been, the correlation between the iron con- 
tent of the colloids and their effects on selenite would hardly have 
been as high as +0.51. 
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Tlie quantities of selenium absorbed by tlie plants were determined 
by separate analyses made of the roots and tops by the method 
described by Williams and Lakin {17) » The limits of accuracy of the 
selenium determinations are shown by the figures following the ± 
sign. A value of 40 ±5 p. p. m. indicates that th(» plant substance 
contained at least 115 p. p. in. of selenium and not more than 45 p. p. m. 
Large values for the limit of error are due to the small quantities of 
plant subsianct^ availabh' for analysis. Bc'cause of the large allow- 
ance*. that must be made* for the limits of analytical error in many in- 
stances, conclusions cannot be drawn regarding the comparative 
S(*lenium content of many individual samples. But conclusions based 
on av(‘rage figure's of s(*v(*ral sampl(*s should be reliable. The* following 
g(‘neralizations can lx* mad(* with considerable certainty. 

When plants are grown with selenium appli(*(l as sodium selenite 
th(* roots contain a much higlx'r percentage of selenium than the tops. 
Then* an* no exceptions to this generalization in the millet experi- 
ments. The percentage* of selenium in niill(*t roots averages 8.6 times 
th(*, p(‘rcentage in the* tops for 107 samph‘s grown in (*xp<*riments re- 
port(*d h(*re. For samples of rice* the pe*rce*ntage* of se'le*nium in the^ 
roots ave*rage*s ;L9 tinie*s that in the tops, and in 14 samples of wheat 
tin* average* figun* for the roots is ;L1 time's that for the tops. The 
wide variations in the relative ainenints e)f seh'nium in the* roots and 
tops in dillerent sample's indicate that no fixe'el proportion should be 
e'xpe'Cteel in the* p(*rce*ntages in the 2 parts of the plant. 

With s(*le'nium applied as sodium se*le*nate* the opposite conelition 
obtains; the* cone*(*ntratie)n of se»lenium in the tops excee'ds that in the 
roots. This was ne)t e'staldished in the write'rs^ previous e'xpe*rime*nts 
with millet, since* only the tops were* analyz(*d. llurd-Karre*r {10), 
however, has shown that it holds for whe*at, and the write*rs have found 
that it holds for raelislu's. In an e'xperimemt with the Manor soil, in 
which four lots of radishe*s we're grown with a(lditie)ns of sodium 
se*lenate*, the se'lenium e*onte*nt of the radish roots range'd from 850 to 
090 p. p. 111 ., while the tops e*ontaine*d from 700 to 1,800 p. p. m. 

The* conc(*ntration of se'le'iiiuin in the whole plant (the weight e*d 
ave*rage of the pe*rce‘ntage*s of seh'nium in roots and tops) te'nds to 
incr(*ase in elirect projiortion to the quantity of sodium sele'iiite applied. 
This is apparent on comparing the se'lenium conte'iit of plants growing 
with single and double applications of sodium se'lenite. Thirty-four 
such compariwsons for millet can be' made from data given in table's 4 
and 7. Ilie plants grown with the double applicatie)ns of sodium 
se'lenite contain on an average 2,7 time's as much sc'h'nium as plants 
gi’own with the single applications. Many inelividual case's vary 
wide'ly from this relation, as shown by the* fact that the figure 2.7 is 
siibie'ct to a standard deviation of ± 1.2. 

If it is assumeei that se'h'iiium in the plant varie's dire'ctly with the 
quantity of se'lenium applie'd, tlie se'lenium content of plants at half 
injury can be calculated from the data given in tables 4 and 7. Wlu*n 
this Is done it appears that plants grown in tlie sand-soil mixture's 
usually contain a smaller concentration of se'l(*nium at half injury 
than plants grown in quartz sand. This conclusion is based on 32 
comparisons for millet and 6 for rice; the only exceptions to the 
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generalization are 6 of the comparisons for millet. The average figure 
for the 32 millet comparisons is only 0.72 as much selenium in the 
plants grown in sand-soil mixtures as in plants grown in pure sand. 
The average figure for the 6 comparisons involving rice is only 0.48 
as much selenium in the plants grown in sand-soil mixtures. This 
differtuice in the selenium content of plants grown in sand-soil mixtures 
and in pure sand is probably connected with the different growth con- 
ditions in the 2 mediums, but it is not evident what the determining 
condition is. The fact that the selenium content of plants grown in 
sand-soil mixtures is less than that of sand-grown plants at the same 
degrees of injury indicates that the soil application affects the toxicity 
of selenium within the plant. 

COMPARATIVE EFFECTS OF SODIUM SELENITE ON WHEAT, RICE, 

AND MILLET 

The comparative effects of sodium selenite on wheat, rice, and rnilh^t 
may be judged from figures given in previous tables for the quantities 
of selenite required to produce half injury. Tlu'se figures are brought 
together in table 8. Th(' half-toxicity value for millet in quartz sand 
is the average of 14 determinations, and th(^ value for wheat in quartz 
sand is the average of 2 almost identical determinations showm in 
table 2 and in table 4, experiment 13. 

In pure (piartz sand, vsodium selenite is equally toxic for rice and 
millet but only half as toxic for wheat; that is, it requires twice as much 
selenite to reduce the yield of wdieat one-half as it does to reduce the 
yield of millet one-half. A similar diff(‘rence between millet and 
wheat w’as found in previous work wdth soilium selenate (7). The 
growth of millet in quartz sand was reduced one-half by 0.0044 gm. 
of selenium as selenate per pot, whereas 0.0072 gm. of selenium w as 
required to produce the same effect on wheat (7). Apparently the 
concentration of selenite or selenate required to injure wheat is greater 
than that required to injure millet, not because w heat is more resistant 
to absorption of the ions but btH^aiise it is h'ss injured by the ions after 
they are absorbed. This is shown by the analytical data; the wheat 
plants are considerably higher in selenium than the millet plants. 

Table 8. — Effects of quartz sand and soil colloids on sodium selenite required for 
half injury of millety rice, and wheat 


Material affecting selenite tonicity 

j jjot required to produce half i n jury 


1 Millet 

Rice 

Wheat 

Quartz sand only . . 

60 gm. Muskingum soil colloid . 

60 gm. Colby soil colloid 

60 gm. Nacogdoches soil colloid 

Oram 

0.0014 

1 .0047 

.0024 
.0003 

Oram 

0.0015 

.01)64 

Gram 

0.0(K12 

.0119 

.0045 

.0106 


It s significant that the values representing the effects of the soil 
colloids on selenite toxicity are twice as great when measui’ed by wheat 
as when measured by millet. As previously mentioned, the effect of 
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the soil is obtained by subtracting the quantity of selenium required 
for half injury in the sand from the selenium required for half injury 
in the sand-soil mixtures. The blank for the sand is twice as great 
for wheat as for millet; but if the colloidal material combined with the 
selenite to form a complex wholly unavailable to plants, the value 
representing the effect of the colloid on the selenite required for half 
iniury should be no more for wheat than for millet. However, if the 
s(»Ien it e-colloid combination is slightly available to plants, the effect 
of the colloid on sodium selenite might be expected to be twice as 
larg(» when measured by wdieat as when measured by millet. As 
compared with millet, wheat would require twice as much of the 
slightly available compound for half injury, just as it required twice 
as much of the wiiolly available selenite in quartz sand. 

DIFFERENCE BETWEEN THE EFFECTS OF SODIUM SELENITE 
AND SODIUM SELENATE 

In the two experiments with wheat showui in tables 2 and 4, the 
plants injured by selenite were normal in appearance although they 
tended to wilt more readily than normal plants. In the previous 
work with sodium selenate the ivory-white chlorosis considered typical 
of selenium injury was very pronounced in wiieat. This difference in 
the appearance of wiieat grow^i with selenate and with selenite has 
been pointed out by Hurd-Karrer {10), Millet, wiien grown with 
selenate applications sufficient to curtail growth markedly, show’cd at 
times some yellowing of the leaves, but wiien grow^i with similar 
selenite applications the plants were a normal green. 

Other differences in the behavior of sodium selenite and selenate 
have already been meiitioiuHl. All the differences observed are sum- 
marized in table 9. 


Table 9. — Difference between selenales and aelenites 


Respect In which selenate and selenite differ j Selenate Selenite 


How sulfates affect toxicity ... _ j Dimmish No effect 

How soil i>olloids affect toxicity 1 Practically no effect .. . Dimmish. 

*Se absorbed, predominately in i Tops i Roots. 

Symptom produced in vk heat .. ... Chlorasis . .{Nonei 


> Except where the sulfate supply is insufficient for normal growth. 


The fact that soil colloids have a marked effect on the toxicity of 
sodium selenite but practically no effect on the toxicity of sotlium 
selenate may explain observations made in the survey of seloniferous 
areas. Many plant and soil analyses show that there is little correla- 
tion between the total selenium in the soil and the selenium content of 
the v^etative cover. This might be expected if selenium occurs in 
soils as both selenate and selenite. The selenate selenium should be 
highly available in all soils; it should be practically unaffected by 
soil colloids; and its absorption should vary somewhat with the sulfate 
content. On the other hand, selenium present as selenite should be 
only slightly available; its availability should be unaffected by sulfate, 
but the availability should vary with the kind and quantity of colloidai 
material present. 
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SUMMARY 

This investigation deals with the effects of soil colloids on the toxicity 
of sodium selenite to millet as determined by vegetative experiments 
in quartz sand and sand-soil mixtures. Thirty-two soil samples 
representative of 22 soil types were tested. 

The toxicity of sodium selenite, unlike that of sodium selenate, is 
not affected by the sulfate supply. It is also independent of the 
phosphate supply as long as this is sufficient for maximum gi’owth. 

The specific effects of (liffercnt soil colloids on selenite toxicity vary 
more than tenfold. Their effects bear little relation to the great soil 
groups. Colloids in two different layers of the same soil have almost 
identical effects on selenite in some cases, and in other cases the surface- 
layer colloid has a greater effect than the colloid in the lower layer. 

Experiments with several peats failed to show an influence of organic 
matter on the capacity of the colloid for reducing selenite toxicity, 
even under conditions of a supersaturated water content. Artificial 
iron gels had a high capacity for reducing selenite toxicity. A moist 
gel had a much greater capacity tlian a dried gel. 

The total iron content of soil colloids is correlated with eff(‘cts 
of the colloids on selenite toxicity to the degree shown by the co(»ffi- 
cient ±0.51. It is suggested that lack of a closer correlation is due 
to varying reactivities of the iron content. 

Plants supplied with sodium selenite contain a higher percentage 
of selenium in the roots than in the tops. The reverse condition 
obtains for plants supplied with sodium selenate. Plants grown in 
quartz saiid contain a higher percentage of sehmium at half injury 
than plants grown in sand-soil mixtures. 

Rice and millet require about the same concentrations of serenite 
for half injury; wheat requires about twice as much in both quartz 
sand and sand-soil mixtures. The fact that the same difference between 
wheat and millet holds for sand-soil mixtures as for quartz sand sug- 
gests that the combination of soil colloid with selenite is slightly avail- 
able rather than wholly unavailable. 

Differences betwe(*n the effects of selenatos and selenites are pointed 
out. 
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PHYSICAL AND CHEMICAL PROPERTIES OF FLANNELS 
CONTAINING DIFFERENT PROPORTIONS OF 
NEW AND REPROCESSED WOOL ■ 

By Baubara Bailey ^ 

Research assistant in home economics^ South Dakota Agricultural Experiment 

Station 

INTRODUCTION 

R(»cent offorts to secure in fabrics’’ Ic^gislation, requiring 

manufacturers to label textiles containing wool with the percentages 
of new wool present,’^ have led to interest in the quality of fabrics 
containing new and reprocessed wool in various proportions. South 
Dakota as a wool-producing State has an interest in variations or 
differences in the physical and chemical properties of fabrics contain- 
ing mixturi's of new and rei)rocessed wool. Accordingly in 1938 a 
study of c(‘rtain physical and chemical properties of flannel fabrics 
rnanufactunHl from rnixtur(*s of new wool and shoddy was initiated. 
While pcTformance tests of the fabrics have not as yet been conducted, 
it has b(‘en j)ossible to determine the effects of dry cleaning and press- 
ing upon th(* fabric properties. 

R(»lativ(‘ly few reports have appc^arcd of investigational work on 
wool fabrics of known composition. The spinning and weaving 
qualities of wool from British pedigreed sheep were investigated at 
the llnivwsity of Leeds (7, 8y9Y and the fiber, yarn, and fabric character- 
istics d(»termined. Another study of the same type on wool from 
British brec'ds of sh(*ep was reported bv Barker (5) to the New Zealand 
Government. The Bureau of Animal Industry of the United States 
Department of Agriculture, in cooperation with the Bureau of Home 
Economics, has recently published the results of a study of the 
s(Tviceability of blankets made from four blends of wool (-5). Wools 
selected from purebred flocks of Rambouillet and Corriedale sheep 
and rework(»d fiber were used in the manufacture of the blankets. 
The fabrics were given actual service tests, and the rates of chemical 
and physical deterioration were determined. These Bureaus have in 
progress further work with blankets involving the use of various grades 
of r(‘proc(»ssed wool and mohair in comparison with new wooU and 
of suitings made from blends of new wool with reprocessed wool and 
spun rayon,® 

» Rowived for publication January 7, 1941. Paper No. 142 from the South Dakota Agricultural ExiK*ri- 
mont Station. 
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MATERIALS 

Rambouillot shoop, raised at South Dakota State College, furmshed 
the new wool used in the present experiment. Ten fleeces weighing 
approximately 10 pounds each were shipped to the Lowell Textile 
Institute for fabrication. Reprocessed wool of a high quality 
from pastel sweater clippings was purchased on the market by mem- 
bers of the institute staff and blended with the new wool. The 
fiber used for the first fabric (No. 100) was made of 100 percent 
new wool; for the second (No. 75), approximately 75 perci'nt 
new wool and 25 perei'nt reprocessed wool; for the third (No. 50), 
approxiniatt'ly 50 percent new wool and 50 percent reprociisscd wool; 
for the fourth (No. 25), approximately 25 percent new W'ool and 75 
pi'reent reprocessed wool. The exact weights of the fibers are recorded 
in table 1 , which shows that considerable machine waste resulU'd in 
the course of the manufacturing. Thus, w'hile the fiber blends in- 
dicated above were used as ibe raw materials for each of the fabrics, 
these perci'ntages may not have been maintained in manufacture. 
Furth<>r evidences of shifts in these percentages w'ill be indicated in 
the discussion below. 

Emulsion consisting of 75 percent water and 25 percent oil (fat 
and mineral oil) was applied to the stock in nicking. All of the lots 
were spun to 3K run Z twist and an identical lay-out was used con- 
sisting of No. 9 reed, 4 yarns per dent, 1,51)0 warps, 43)( ineln^s in 
reed, and 30 fillings, resulting in a 2 X 2 even-twill fabric. After 
weaving, each fabric was ^ven a simple finishing process consisting 
of washing and pre'ssin^. The finished yardage and weight as ri'ported 
by Lowell Textile Institute are shown in table 1 . 

Table 1. — Weights of new and reprocessed wool fiber used in manufacturing the 
four experimental fabrics^ and lengthy width, and finished weight of the four fabrics 



Fibt'r weights us(*d > 


Finished fabric-* 


Fabric No. 

New wool 

Roproees.si*d 

wool 

Length 

Width j 

Weigh 

100 - 

Pounds 

14.4 

Pounds 

0.0 

, Yards 
20.0 

Inches 

35, 6 

Pounds 

9 

a 

75 - 

10 8 

3.5 

20.4 

36.4 

9 


50 . - 

7.2 

7.0 

20.9 

36.0 

9 


25 

4 0 



18.0 

1 

36.5 

7 



10 

6 

4 

K 


> Total carding and spinning waste for the 4 fabrics was 10 {lounds. 


METHODS 

PHYSICAL-PROPERTY DETERMINATIONS 

Each of the four fabrics manufactured was tested physically and 
chemically as it was received from the manufacturer and after it had 
been commercially dry-cleaned and pressed 15, 30, and 45 times. 
The process used in dry cleaning was described as consisting of running 
in diw-cleaning solvent (Stoddard solvent) in a regular cylindriciu 
dry-cleaning washer for 10 minutes with paste soap and rmsing for 
20 minutes on a filter so constructed as to remove the heavy “soil” 
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from the vsolveiit. The solvent was passed eontinuously from the 
the washer through tlu' filter and returned again to tin* washer. 
After each cleaning the fabrics wen^ presstnl on a regular steam pn^ss. 

Throughout this invc^stigation all testing n^quiring the maintenance 
of moisture equilibrium in the fabrics was conducted in a conditioning 
room maintaiiuHl at a standard atmosphere of 05 jxrcent relative 
humidity ±2 percent at 70° F.±2, as specificHl by the American 
Society for T(‘sting Materials {2^ p. 184). All sample's were' cori- 
elitionenl for a minimum of 0 hours before te'sting. Sample's used in 
dete'rmining we'ight pe'r square yard and yarn numbe*r were' elried to 
constant weight at 105° C. Yarn-count anel twist elete'rminations 
were conducteel unde'r pre'vailing atmospheric cemditions, as we're all 
fibe'r stuelie's. 

The rne'ans anel stanelarel elewiations of me'asure'ine'iits we're calculated 
in all instance's peissible, anel the analysis of variance fen* significanc'o 
of eliffe're'nce be'twe'cn means was apphVd in some case's. 

A I-pounel sample of scoured new-we)ol fibe'i* was take'ii fre>m 
various parts e)f the le)t for use in measure'ine'nts of fibe'i* eliamete'r, 
cemtour, h'ngth, anel e*rimp, anel a similar sample' was take'n from the 
re'proce'sse'd weieil in the* oil. Portions of the fibe'r sample's were* hanel- 
careh'd and care'fully ble'neh'el. By nu'ans of inte'stinal forceps, re'com- 
me*nderJ by Teiwnse'iiel (//) for sampling fibe'r for h'ngth eleterminations, 
re‘p('ate*el elraws we're maele* anel bie'iiele'd until sample's e)f the* conve't 
size' fe)r e'ach type eef fiber me'asure'me*nt we're* se'cure'el. 

A moelification of the* e'ross-sertion nu'thoei recomme'neh'd by the 
American Society for Te'sting Materials {2, p. 174) '^vas use'el to dete'r- 
mine the* diameter and conteiur of the new anel re'preicesseel we)ol. 
The device* dc'scribe'el by Harely (/) was use'el in pre'paring the cre.)ss- 
sectional micrexscopic slide's. Ilie cross-se'ctiein mounts were* iilace'd 
e)n a microscope stage* se't at right angle's to the base anel, by the* use 
e)f streing artificial light, their image's we're proje'e*te'd onto a ground- 
glass ])late place'el at such a elistance from the* microse'ope that e'ach 
fibe'i* se'ction was magnifie'el approximately 500 time's. One thousand 
fibe'r se'ctions were* me*asure‘el to an accuracy of one* micron, as re'com- 
me'iieleel by the* Anu'i’ican Society for Testing Mate'rials {2), at (1) their 
gre'ate'St eliameters anel (2) the (liamete'T*s at right angle's to their 
great e'St eliametei*s. 

The sample's for elete'rmination of fiber h'ngth we're prepare'el ace'orel- 
ing to the' methoel describe'el by Townse*nel (ll). Three groups of 150 
fibers each we'i*e' measured to the neart'st 0.25 inch by e'xte'nding the 
fiber sufficie'otly to remove the crimp but not to stretch it. 

The numbe'r of crimps in each fibe'r measure'd for h'ngth was counted 
over the entire h'ngth, and the average' number of crimps per inch was 
calculated. 

Yam number in the present study was recorded as the number of 
thousands of yards per pound (typp system). Prior to the eletermina- 
tion three 10-yard lengths were dried to constant weight. In the 
preparation of the samples an attempt was made to measure lengths 
of yam from which the crimp had been removed without stretching 
the yam. The resulting values were calculat('d in typp to 13 percent 
regain— the standard regain for woolen yam (2 ) — and the results 
used in the adjustment of tension in (h'tennining yam twist. 
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The average nimibor of twists per inch was determined using the 
new-type Suter precision twist tester with spinning twist attachment. 
The gage length w’as 10 inches and 50 yams per sample were measured. 

A Scott single-strand tester with autographic recorder was used 
in the detennination of yam stength. The clamps were set 10 inches 
apart and moved at a speed of 12 inches per minute. Tensile strength 
and elongation of yams removed from the fabric at scattered points 
were measun^d in each instance. 

TVlierever the nature of the test made such measurements possible, 
samples of both waip and filling si'Ctions of fabric were prepared. 
With the lixception of the method for abrasion, all methods w(*re 
standard procedun's of the American Society for Testing Materials {2). 

Two-inch squares taken at five scattered positions on each fabric 
wen' composited for the determination of fabric weight. All of the 
results were calculated to 13-percent regain and expressed in ounces 
per square yard. 

Measurements of thickness were made on each of 10 grab tensile- 
strength samples by means of the Schiefer compressometer with a 
%-ineh foot at a pressuie of 3.4 pounds per square inch. The results 
were recorded in the number of 0.001 inch of thickness. 

A Lowinson counter was used for the determination of the number 
of yams per inch. The 10 samples of fabric prepared for the deter- 
mination of strength by the. strip method were measured for a distance 
of 1 ineb. 

A 10-inch square was marked on each fabric before it was sent to 
a commercial dry cleaner and W'as measured on its return. Thus 
shrinkage is reported in percentage slirinkage after 15, 30, and 45 
dry cleanings and pressings. 

J-type Scott testers w'ith recording serigraphs were used tliroughout 
for the determination of the tensile strength and elongation of the 
experimental samjdes. A 150- to 300-pound-capacity machine was 
used for the grab samples and a 55- to 110-pound-capacity machine 
for the strip samples. Ten strips of fabric to form the sample were 
cut IK inches wide by 6 inches long and were raveled to 1 inch. Two- 
inch fabric jaws set 3 inches apart were employed in the strip tests. 
Ten grab tensile-strength samples per fabric W’ere cut 4 inches Mride 
and 6 inches long. One-inch front and 3-inch back jaws were used 
for the grab determinations. On both machines the jaws traveled at 
the rate of 12 inches per minute. Tensile-strength values were 
recorded in pounds and elongation in inches. 

The ball-burst attachment for the Scott tester was used for the 
determination of bursting strength. Metal balls 1 inch in diameter 
and l?i-inch rinp were employed. Ten determinations were made on 
each fabric, and the results were recorded in terms of force, in pounds 
required to thrust the ball through the fabric. Stretch was recorded 
by means of the scrigraph. 

The test specimens used in the determination of tearing strength by 
the tongue method were cut 3 by 8 inches in size. Tlu’ee-inch longi- 
tudinal cuts were made lengthwise of the specimens from the center 
of one of the edges. The 65-pound-capacity Scott tester was em- 
ployed, and the autographic recording device was used to record the 
average load necessary to break. A planimeter was used in calculat- 
ing the average tearing strength of the fabrics. 
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Ton samplos of oach fabric 1% by 10 inch(‘s in size wore abraded on 
tb(^ Wyz(‘nbock pn^cision W(‘-ar tostmotor, with a nionol-moial soroon 
used as iho abrasive surface. Tlu'. fabrics wi're "iven 1,000 double* 
rubs at 4 pounds pressure at an initial tension of 8 i)ounds. After 
abrasion, th(^ t(*nsil(‘ stnuigth (strip) of the samples was determined 
by th(‘ rn(‘thods already outlin(*d. 

CHEMICAL-PROPERTY DETERMINATIONS 

Samples of fiber and fabrics in the various conditions studi(*d were 
analyzed in duplicate* for lhe*ir moisture*, ash, sulfur, and nitroge*n 
<*emtent. Both fiber and yam w(*re cut into srnal pie‘ces te) facilitate 
adequate samiding. Moisture* was determine‘d by drying to constant 
weight in a diying ove»n at 40° C. One-gram sampler were ash(‘d to 
constant weight and total ash re*corded in percentage*. The Parr 
Bomb was use'd in determining the* total sulfur of 0.5-gm. samples, 
and the pe*rc(*ntage* of sulfur was calculate*!!. The pe*rcentage* of total 
nitrogen was eletermine*d upon 1-gm. sample*s by the Kj(*ldahl me*thod, 
wdth coppe*r sulfate* used as the catalyst. 

PRESENTATION AND DISCUSSION OF EXPERIMENTAL RESULTS 

In the discussion of the ivsultsof thisinve'stigatiein. consi(h*ralie>n is 
give*n first to the proj)ertie'S of the ne*w anel re*w’ork(‘el fibers. Oheniical 
dede*nninations upon the fabrics afte*r ])rogre‘ssive*ly gre*ater numbei*s 
of dry cleanings w^e*re made*, and the re*sults of the* application of the 
analysis of variance to the physical rneasure‘me*nts of fabric strength 
are them discusse*d. 


l’\BLE 2 . Mvart and standard-deviaiwn values for lengthy cnmfj, diameter^ and 
contour measurements of new and reprocessed wool 


Oimj) |M*r inch , Dianiclcr ; ('nntour ratio 


Wtu)l flbor 

Moan ‘ 

! 

1 standard 
do Mat ion 

1 

Moan ‘ 

Standard 
doviat ion 

'■ 1 

* ” .doMuiion, 

i 

J '•'''hindard 
'doMation 

i 

! 

1 Jrtch 

i Inch 

\ umber 

Number 

Micronx j Mtcroins 

i 


, 2 49 

() 90 1 

13 34 

3 03 

21 It. ! 5 03 

1 25 1 0. 143 

UcprofH'.'JSfd 

I 1 7S 

! 88 ' 

! ' 

11 95 

1 5 (Ml ! 

! 25 72 ; 7 22 ! 

1 25 : . 193 


' 450 dcterniinalions. 

2 1,000 determinations. 


COMPARISON OF NEW AND REPRO('ESSEI) WOOL FIBERS 

Tlu‘ physical characteristics of the now and reprocessed wool fibers 
are show'n in table 2. From these data it may he seen that the average 
length of the new' fiber was 40 percent greater than that of the reproc- 
essed wool and the average number of crimps per inch W'as ov(>r 10 
percent greater in the new wool. 'According to the blood system of 
grading wool, the virgin wool would be classed as fine and the reproc- 
essed wool as half blood. No difference in average contour ratio was 
found in the wool. In all the physical measurements made, relative 
variability was greater in the reprocessed than in the new w'ool. 
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Table 3. — Ashy nitrogenj and sulfur content of the new and reprocessed wool fiber y 
on a moisture-free basis 


Wool fiber 

Ash 

Nitrogen 

Sulfur 


1 

Percent 

Percent 

Percent 

New - - , -- - 

U.ilK 

13. 50 

3. 62 

Reprocessed . 

.41 

12.63 

3 71 

t 


The ash, niiropjen, and sulfur content was determined for the now- 
and reproccssed-wool fibers with the results given in table 3. 

The ash content of the new wool was more than twice tliat of 
the reprocessed wool, and the nitrogen cont<‘nt was approximately 
1 p(*rcent greater. The sulfur content was 0.19 percent lower in the 
new wool. 

COMPARISON OF FABRICS MANUFACTURED FROM NEW AND REPROCESSED WOOL 

Physical and Chemical Properties of Fabrics as Received From 

THE Manufacturer 

In (he discussion of tin* manufacture of the fabrics it was noted 
that identical methods wwe used throughout in the ]>rer)aration of 
yarns and in the weaving and finishing processes. When tlie finished 
materials were examined, it %vas evident that the fabrics produced 
from the various blends did not have the same propei tii's. The* 
data in table 4 shows that the average w^ught per square yard de- 
creased as the perc('ntage of reprocessed wool increased. Thickrress 
and twist wore ajiproxirnateiy the same throughout the series, and 
the number of yarns per inch decreased slightly wit!) increasing per- 
centages of reprocessed wool. 

In discussing the relative merits of the four fabrics, the fact that 
inherent differences were present in them must be kept in mind. 
Since correction factors accounting for the complexity of factors aie 
not available, the data reported are those of the actual results ob- 
tained, the constant factors being identical inanufactun^ and dry- 
cleaning processes rather than identity in finish(»d fabric. 


Table 4. — Mean values for characteristics of the 4 fabrics containing different 
percentages of new and reprocessed wool fiber 



Weight 

Iior 

Thick- 

Yarns i>er inch 

Shrinkage ® 

Twists iH*r inch 


square 
yard * 

ness 

Warp 

Filling 

Warp 

Filling 

Warp 

Filling 



om 







100-0 .. . 

Ounces 

inch 

Number 

Number 

Percent 

Percent 

Numtter 

Number 

7. 92 

32.2 

44.3 

36.2 



11.7 

12.4 

100-15 .. 

8.75 

35.4 

45.2 

38.5 

5.0 

1 2 

12.5 

12.8 

100-30 

8.04 

36.6 

45.0 

39 3 

6 2 

1 2 

12.8 

12.9 

100-46 . 

8.48 

36.0 

45.3 

39.3 

6.2 

1.2 

32.9 

12.8 

75-0 

7. 71 

32.8 

43.3 

35.9 



12.2 

12.4 

75-16 

8.45 

36 0 

44.2 

37.0 

3.8 

1.2 

12.3 

12.4 

75-30 

8.60 

36.4 

44.8 

: i 8 .o 

6.2 

1.2 

12.7 

12 4 

75-45 

8.00 

36.2 

44.7 

38.3 

6.2 

1.2 

12.6 

12.5 

60-0 

7.36 

33^0 

43.0 

35.4 



12.4 

12.6 

50-16 

7.77 

35.2 

43.0 

37.2 

3 . 8 “ 

“ l .' 2 " 

12.6 

12.6 

50-30 

8.29 

35.4 

44.5 

38.5 

6.2 

1.2 

i 12.5 

12.6 

50-45 

7.76 

35.2 

43.0 

38.2 

6.2 

1.2 

12.5 

12.6 

26~0 

6.71 

81.6 

42.9 

35. 3 


1 12.1 

12. 4 

25-16 

7.01 

33.8 

43.5 

38.2 

3.8 

t2 

! 12.0 

12.2 

25-30 

7.32 

33.2 

43.7 

37.8 

5.0 

1.2 

12.2 

12.4 

25-46 

7.28 

33.6 

43.4 

38.2 

5.0 

1.2 

12.3 

12.7 


* iRHn^rals following the dash indicate the number of dry cleanings and pressings undergone by 
16 morics. 

* 13 percent regain. 

* Caused by dry eloanlng and pressing 
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Since fabric weiejlit decn^ased progressively with increasing pei- 
centages of reprocessed wool, it must b(‘ (‘oncluded that tliere was 
more carding and spinning w^aste as the oerct'iitage of reproci^ssi^l 
wool was increased. In this same connection, a comparison of the 
average diameter of the fd^er present in the finished fabrics is of 
significance. T1 k‘ results of this study are shown in table* T). From 
these data it is apparent that in the* case of the 100-porcent virgin 
fabric the manufacturing processes did not affect either the* average* 
eliamete*r or the* elistribution as rneaisuiTel by the* stanelarel eleviation. 
It woiilel be anticipate*el that the*, ave^rage* eliamete*r of the* weied pre*se*nt 
in the fabrics ceintaining re*pre)ce*sse‘el w'e)oI weiulel incre*ase, appre>ae*h- 
ing that of the rei)re)e*e'ss(*el fiber as the* pe‘rcentage* of re*proce\ssed 
fibe*r be'came* highe'r. iIoweve*r, as is showm in table* o, the* eliameter 
incre*aseel but slightly. Thus in the manufacturing pre)ce 3 sse*s the 
coarser re*proe*e*sse*el fibe‘r must have be*(‘n e*timina1e*el to a ce*rtain 
e\te*nt. Sine*e‘ (he* e*e)nte)ur ra(ie>s of the* ne*w' anel the ivprocesseel 
fiber were the* same*, no e-hange in e'eintour ratie) woulel be* anticipate'el 
threiugheiut the s(*jie*s eif fabrievs; anel, in fact, the* aedual difleivnce's 
femnel are neit te) be* e‘e)nsiele*re*el signili(‘ant freiin a prae*tie-al staneljioint . 

Table 5. - Dinmeivr c?c/ cmitour ratios of the fibers in the new and reprocessed 
wool nyid in the manufactured fabrics 


1 )uinu't(‘r e\»nt()ur rat lo 


Sainplo J 

1 1 

! Meaij 1 

Standard j 
deviation j 


Standard 

deviation 

llbor 

.\ficrona \ 
21. If* 1 

Aficron^ ! 

:> m 1 

I w 

0 143 

J(<*|)rocos.sc*d flbor 

- . ... 2.5. 72 . 

7 22 ; 

1 25 

. 103 

Fuftrio No.-- 
liKL 

' ) 

1 21 :«) i 

.5 \i\ \ 

1 24 

. 140 

75 

! 21 71 i 

5 .52 , 

1.24 

.142 

fiO - 

. ' 21 77 ! 

5.73 ! 

1 25 

. 1.5K 

25 , . .... 


t» 50 1 

1 1 

.130 


5 Si7.o of sample, l,0e)0. 

Effects on Fabrics of Dry Cleanin(j and Pressinc. 

In table (i are* shown the results e)f tlie ash, nitrogem, anel sulfur 
analyse*s of the four fabrics as receive*d freim the rnanufactuivr anel 
afte*r various numbers of dry e*]e*anings and pressings. Jt will be 
note*el that, wdtii few excerptions, the tenelency was for the peicentage 
of ash to increase wdth dry cleaning. In all four fabrics the*re was a 
marked increase in nitre)gen between the fifteenth and thirtieth dry 
cleanings, an incTe»a.se which could not be accounted for on the basis of 
any of the otlua* physical or chemical experimental results. It has 


Table 6. — Ash, nitrogen, and sulfur content on a moisturefree basis of the four 
fabrics containing different percentages of new and reprocessed wool fiber 


Fabric No. 

Ash 

Nitrogen 

Sulfur 

Fabric No. 

Ash 

Nitrogen 

Sulfur 

10(H) 

Percent 
0. 48 

Percent 

13.65 

Percent 

3.34 

50-0 

Percent 

0.64 

Percent 

13.60 

Percent 

3.47 

100-15- 

.97 

13. 16 

3.64 

50-15 

1.02 

13.38 

3 39 

100-30 

.94 

16.83 

3 37 

60-30 

.91 

16 99 

3.36 

100-46 

1.08 

16.78 

a 74 

50-45 

1.14 

15.67 

3.43 

7M) 

.66 

13.68 

3.63 

26-0 

.61 

13. 42 

3.44 

715-16 

.83 

13.07 

8.69 

25-15 

.98 

13. 16 

3.33 

76-80 

.91 

16.66 

3.68 

26-30- 

.84 

16 65 

3.41 

76-45 

1.00 

16.46 

3.34 

26-46 

1.36 

15. 67 

3.27 
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been suggested that accumulation of the paste soap might have been 
responsible, but no analj^sis of the soap is available. Sulfur determi- 
nations indicate that no fabric blend or treatment affected the results 
to a greater or less extent than any other throughout the series. In 
some instances a fabric sample had a higher sulfur content as a result 
of one stage of treatment, whereas in other fabrics this treatment 
apparently caused a lowering of the sulfur content. 

In the discussion of the effects of abrasion and dry cleaning and 
pressing, statistical methods have been applied in the comparisons of 
the four fabrics in the various stages of treatment. All of the data 
reported in tables 7 to 10 are involved in the calculations. 


Table 7. — Mean and standard-deviation values for the yarn-strength and elongation 
measurements of the experimental fabrics as affected by dry cleaning and pressing 




Yarn strenjrth 



Y arn clonfcation 


Fabric No.i 

Warp 

1 Filling; 

Warp 

j Fillins 


Moan 

Standard 

deviation 

Moan 

Stamiani 

deviation 

Mean 

Standard 

deviation 

Mean 

Standnni 

deviation 


Orams 

Grams 

Grams 

Grams 

Centi- i 
meters 

Centi‘ 

meters 

Cenfi- 

meters 

Centi- 

meters 

100*0 

311 2 

62.02 

287.6 

56.90 

6.09 

0 029 

5.06 

0.890 

10(M5 1 

337.9 

49. 52 

285.7 

49. 49 

4 88 

.842 

4.61 

874 

100-30 

319. 6 , 

52.45 

327.9 

47.61 

4.67 

1.023 

4.86 

.960 

100-46 

317 2 

42. 63 

300.2 

42.12 

4.32 

.857 

4.61 

830 

76-0.,. , 

268.3 

35. 55 

282.7 

27.26 

4 38 

.'883 

4. 76 

.782 

76-15 

288 6 

46.33 

287.5 

32. 97 

4. 16 

.876 

1 4. 30 

.821 

76-30 .. .. 

262.8 

44. 43 

267.3 

43. 42 

3 91 

.869 

4.01 

.919 

75-46 

261.2 

34.08 

248.9 

30.05 

4.06 

.634 

1 4 18 

603 

60-0 .. -- 

i 224. 0 

36. 10 

196.4 

24.54 

3.92 

.781 

3.83 

.879 

50-16 

222 6 

29.06 

193 0 

20 15 

3.52 

.666 

3 68 

659 

50-30. ... 

221.6 

i 36. 18 

196.8 

32. 61 

3. 47 

.790 

3 69 1 

.712 

50-46 

213, 7 

32. 67 

! 196.4 

28.57 

3.53 

.669 

3 25 

.ft05 

25-0 

171,6 

31 68 

181.0 

! 35.34 

2.89 1 

.693 

3. 27 

.723 

25-16 . 

169 5 

32. 78 

164 1 

29.21 

2.66 

661 

2.91 I 

676 

26-30 

159 8 

•26 99 

148 3 

2S.41 

2 64 

.625 

2 65 

609 

25-45 

170.3 

30.99 

149.7 

24.59 

2.78 

.676 

2.79 1 

. 093 


^ Size of sample, 50. 


Table 8, — Mean and standard-deviation values for strip tensile-strength and elonga- 
tion measurements of the experimental fabrics before and after abrasion 

BEFORE ABRASION 


Fabric No.» 

Strip btvaking strength 

Strip elongation 

Warp 

Filling 

Warp 

FUliug 

Mean 

Standard 

deviation 

1 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 


Pounds 

Pounds 

Pounds 

Pounds 

Inches 

Inches 

Inches 

Inches 

10(H) 

36.4 

1.18 

27.2 ! 

0.86 

0.84 

0. 149 

1.C7 

0.060 

1(KM5 - 

37.0 

1. 01 

30.6 

1.27 

1.05 

.202 

1.08 

.094 

100-30 

36.8 

,68 

30.9 

1.39 

.98 

.081 

1.10 

.081 

100-46. .... , . 

35.7 

.95 

28.4 

1.31 

.97 

.066 

1.06 

.094 

76-0 . 

30.2 

.63 

24.1 

.92 

.71 

.068 

.99 

.075 

75-15, .. . 

31.2 

1.14 

26.8 

1.11 

.85 

.068 

1.11 

.128 

75-30 - 

30.4 

1.17 

1 26.7 

1.93 

.80 

.C66 

.93 

.816 

75-45... 

31.2 

! 1 18 

23.6 

1.02 

.85 

.too 

.93 

.316 

60-0 

25.7 

.89 

19.0 

.07 

.58 

.004 

.83 

.081 

60-15 

27.0 

.67 

19.8 

.63 

.66 

.058 

.86 

.047 

50-30... 

26.1 

1.22 

21.4 

.64 

.70 

.066 

.88 

.047 

50-46... . . 

25.4 

.88 

20.0 

.60 

.66 

.066 

.81 

.034 

26-0 

21.2 

.47 

15.1 

.78 

.44 

.047 

.63 

.047 

25-15... 

22.2 

.75 

17.6 

1.29 

.60 

.000 

.72 

.081 

26-30 

21.6 

1,14 

16,0 

.83 

.02 

.047 

.72 

.047 

25-45 

21.0 

.68 

16.0 

.83 

.62 

.066 

.73 

.047 


\Sle6 ol flample ,10. 
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Table 8. — Mean and atandard-deviaiion values for atrip tenaile-atrength and elonga- 
tion measurements of the experimental fabrics before and after abrasion — Con. 

AFTER ABRASION 



Strip breaking stn‘ngth 

Strip elongation 

Fabric No.‘ 

Warp 

Filling 

Warp 

Filling 


Mean 

Suuuiard 

deviation 

Mi*an 

Standard 

deviation 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 


Poiindu 

Pounds 

I^unds 

Pounds 

Inches 

Inches 

Inches 

Inches 

100-0 . 

35 0 

0. 63 

28 7 

1 36 

0. 79 

0 088 

1 01 

0.111 

100-15 

37.0 

1 01 

31 2 

I 51 

.87 

066 

99 

.058 

100-30 . , 

37 0 

68 

30.4 

1.11 

.98 

081 

1,04 

.066 

100-46 

35.4 

.58 

30.4 

I 85 

.91 

100 

J 02 

.081 

7fr-0 .. 

30 2 

1.09 

25.3 

89 

65 

089 

.84 

.081 

75-15.. 

31.0 

55 

26 6 

I 46 

.73 

066 

.91 

.075 

75-30. 

30.6 

83 

26 4 

98 

80 

U8l 

95 

. 0.58 

7^45. . 

31. 1 

1.93 

26.8 

1 51 

.78 

. 0fV> 

.89 

075 

50-0 . 

26. S 

.43 

20. 2 

.79 

.53 

047 

74 

047 

50-15 

1 ‘ifi. 8 

! .72 ! 

21 0 

91 

.64 

047 

i .75 

1 075 

50-30 

26. 5 

i -"4 ! 

21 0 j 

.53 1 

6(> 

047 

1 73 

1 .047 

50-45 . 

25, 8 

LOO 

21.8 

97 

69 

• 0.58 ; .72 

I . 045 

‘25-0 . - i 

21.8 

1 75 

16 0 

[ 1 05 

.45 

058 

61 

1 .058 

25-15. . . 1 

i 21.6 

1 52 

16.4 

1 81 

.52 

047 

ti3 

.047 

25-30 ...J 

1 21 3 : 


16.0 

! I (W 

.54 

047 

.60 

.047 

25 45 . - 

20 8 

.89 

16 6 

1 70 

. 55 

' 058 

.61 

.0.58 


' Sixt' of sample. 10 


Table 9. --Mean and standard-deviation values for grab breaking-strength and 
elongation measurements of the experimental fabrics as affected by dry cleaning 
and pressing 


I 

! 

f'abric No 1 | 


(irab breaking strength 
Warp I Filling 


Oiab elongation 


Warp 


Filling 



Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

M(‘an 

Standard 

deviation 


Pounds 

Pounds 

rounds 

Pou nds 

Inches 

Ijiches 

Inches 

Inches 

ltK)-0 

.52 0 

I 25 

43 8 

2 30 

0 79 

0 0,58 

1 03 

0 066 

PM)-15 

•!>2 1 

1.81 

45 8 

2 19 

.82 

047 

1 06 

.066 

100-30 

.5,3 7 

2. 10 

47 8 

2.83 

90 

081 

1 16 

133 

100-45 

49 6 

MW 

44.0 

2.81 

90 

.081 

1 05 

. 100 

7.5-0 

42 5 

2 51 

.35. 4 

2.49 

77 

.094 

99 

075 

75-15 

42.9 

1.37 

40,4 

1.46 

.80 

.081 

.97 

081 

7.5-30 . 

42 5 

1.58 

37. C 

1 82 : 

.83 


,92 

.t>47 

75-45 - . 

4-2.0 

1 05 

37.0 

1.95 

76 

.066 

! .93 

066 

50-0, . 

36 6 

2 77 

29.0 

2. 03 

.66 

.081 

1 95 

145 

50-15 

36 9 

1.85 

29.1 

1.43 

' .65 i 

058 1 

.85 

, 088 

50-30 . 

36. 6 

1 81 

29.5 

1 65 

1 70 

047 

.83 ! 

. 

50-46 - 

34.5 

1 03 

28.8 

1.77 

S .68 

t>94 

! .80 i 

094 

26-0 , , , 

27.0 

1.04 

22.6 

1. 10 

1 .46 

058 

,73 

I . 066 

26-15. . . 

27.8 

.88 

24.2 

1.12 

. 66 

.058 

.73 

! ,066 

25-30 

28. 1 

1 10 

23.0 

1 09 


047 

1 69 

t 075 

26-46 

26.6 

1.22 

23.1 

97 

‘ .63 

.047 

1 .67 

.047 


> Site of sample, 10. 


423481>-41 
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Table 10. — Mean and siandard^deviation values Jor the burating^strengthf bursting- 
elongation^ and tearing-strength measurements of the experimental fabrics as 
affected by dry cleaning and pressing 


Fabric No. » 

Bursting 

strength 

Bursting 

elongation 

Tearing 

Warp 

stitmgth 

Filling 

Mean 

Standard 

deviation 

Mean 

standard 

deviation 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 


I*ound9 

Pounds 

Inches 

Inches 

Pounds 

Pounds 

Pounds 

Pounds 

100-0 

81.4 

2.92 

0.60 

a 000 

6. 86 

0. 242 

6. 10 

0. 460 

100-15 

88.0 

4.67 

.52 

.079 

4. 80 

.350 

5. 06 

.370 

100-30 

88.0 

2,57 

.60 

. 000 

5, 16 

.338 

4,85 

.338 

100-46 

87.7 

2.89 

.50 

000 

4 iM) 

316 

4.50 

.236 

75-0.. 

77, 0 

,3.14 

.52 

079 

4 95 

. 160 

4.80 

.350 

75-1.6 

78.8 

2.81 

.48 

.079 

4. 3.n 

.242 

4, 20 

.268 

75-.30,- 

70 0 

2 83 

42 

. 120 

4. 36 

242 

4 40 

.316 

76-46 

78 9 

2 46 

.48 

079 

4 30 

.258 

4 35 

.242 

60-0 

66 1 

2 21 

.48 

.079 

4. 60 

2.36 

4 40 

211 

60-15 

66. 0 

1.61 

.40 

. 128 

1 4. 06 

. 160 

3. 76 

264 

50-30 . . 

66.9 

3 . 10 

45 

106 

1 4 05 

100 

3 6.6 ! 

.242 

50-46 

67 0 

2 71 

.48 

. 079 

4.05 

.286 

3 86 

1 . 242 

25-0 

56.2 

3.84 

48 

079 

3. 96 

160 

4 20 1 

I .258 

26-16 

60. 6 

1.44 

48 

.079 

3 86 

.242 

3 66 

1 242 

25-30... 

60. 3 

2.44 

.50 


3 90 

.316 

3. 80 

258 

25-46 

59 0 

2.27 


128 

3 9.6 

; .28.1 

1 .3. 76 

,264 


* Size of sample, 10 


After subjecting samples of eaeli of the experimental fabrics to 
mechanical abrasion, strip tensile-strength samples were cut and 
tensile strength following abrasion for 1 ,000 double rubs was deter- 
mined. The results of these measurements are recorded in table 8. 
'^Student's^^ t test for significance of difference of means has been 
applied in comparing the strength and elongation values for the fab- 
rics before and after the abrasion treatment (table 8). Nonsignifi- 
cant differences were found in both warp and filling d(‘ terminations of 
strength. In elongation* measurements tin* means of both w^arp and 
filling determinations were found to differ significantly. Thus, with 
five exceptions, elongation was found to decrease after abrasion with- 
out causing a decrease in strength. 

Since homogeneity of errors is assum(‘d in the calculations of the 
analysis of variance, the x ^ test was ugved to determine whether the 
variability of the strength and elongation measurements for the fab- 
rics subjected to the various numbei’S of dry cleanings and pressings 
were homogeneous (Snedecor, 10). The results indicated in table 11 
show that this was true in all instances. 


Table Analysis of errors of strength and elongation measurements of th^i 
fabrics by means of the x * ivst for homogeneity 


Measurement 

X* 1 

Strength 

for— 

1 Elongation 

Warp 

Filling 

Warp 

Filling 

Yam 

3.99 

4.45 

2.86 

2.62 

strip: 

Before abrasion 

2.74 

3.67 

3.44 

2,04 

After abrasion 

2.63 

3.70 

3.34 

2. 61 

Orab 

3.82 

i60 

2.53 

1.75 


2 21 


.50 


Tear.Tr. 

1.08 

1.54 






1 Fabrie diiracTtioa not Involved in bursting-strength determination. 
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The analysis of variance suggested by Fisher (4) was applied to the 
measurements of yarn and fabric strength and elongation in order to 
test for significance of differences between fabrics and treatments 
(dry cleaning and pressing). There were 4 fabrics receiving 4 treat- 
ments, 10 measurements being made for fabrics and 50 for yarns. 
Th<‘ degrcM's of freedom are shown in tabl(‘ 12. 


Table 12. — Degrees of freedom involved in the analysis of variance of the measure- 
ments of yarn and fabric strength and elongation 



Variation due to-- 

I)ef?n‘es of froedom 

Fabric 1 Yarn 
.studies j studies 

Blend 


3 

i ^ 

I'li'atuieiit - - 

- 

1 3 ! 

3 

Blend X tiealnieiit 


1 9 ; 


Residual (error). 

'rotal 


1 144 ' 

1 159 

784 

j 799 


In the analysis of the data based upon these tests of significance 
(table 13), conskhM^ation is given first to the cases in which the residual 
com])on(ait is ustal as error and finally to those in which blend X 
tiealiiK’nt is used as error. If the residual is used as error, the inter- 
pr(*tation apiilies to the specific fabrics and treatments involved in 
this study. How'(‘ver, it is of interest to expand the interpretation to 

Table 13. — F values by means of the analysis of variance for yarn- and fabric- 
strength ^ and for yarn- and fabric-elongation deter minalions^ using residual and 
interaction as errors 

sr R E N'< n n i > et e h m i n a tion s 


F values 



Uegrws 1 

'Varp 

i Filling 

Mea.suienienl and source of variation 

of irw- I 





dum ' 

1 

Residual ! 

1 i 

Interac- 
tion as 

j 

Ue.sidual 

Interac- 
tion as 




as error 

error 

as error 

error 

Yarn strength. 

1 ' 



i 655 32 

* 64. 55 

Blend . . 

1 3 i 

1 605 M 

1 ;U0.82 

Treatment 

' 3 1 

16 60 

3.11 

1 6 25 

.62 

Blend X treatment 

i ® ' 

1.K2 


> 10 15 

‘ 

Strip strength before abrasioir 

Blend 

^ 1 

» 1,857.98 

1 1,074.97 , 

1 1, 166 64 

' 1 184. 96 

Treatment . . 

3 

> 10. 90 

3 6 30 

1 45 25 

» 7. 17 

Blend X treatment.. . --- - 

9 

1.73 


»6.31 


Strip strength after abrasion. 

Blend .. . — 

3 

‘ 2,076.27 

1 589.05 

1 1,134.07 

‘ 1 773. 76 

Treatment 

3 

1 6. 1.5 

1.74 ! 

1 11.44 

1 7.80 

Blend X ti^^atment 

9 

13.62 


1.46 


Grab strength: 


1 869.96 1 

‘ 476. 14 

Blend 

3 

» 1,673.91 

1 1,060.77 

Treatment . . 

3 

»8.84 

M.89 1 

1 12. 32 

3 5.48 

Blend X treatment 

9 

1.81 

_ , - - 

»2. 25 

.. 

Tearing strength: 

Blend 

3 

1 181.91 

132.00 1 

1 165. 06 

123.03 

Treatment 

'RlnTirt V fraAf.TtinTil 

3 

9 

139.66 
« 5. 67 

17.00 

1 62. 37 
17. 17 

18 70 

Bursting strength: > 

3 

1681.38 

1201.47 


. 

TrAo.l'.mAnt'. . . . 

3 

1 11.25 

3.20 



niATirl V tMiafTriAnf. 

9 

13.38 



OICIivA /\ VI vttVUAvglv - ............. 

1 







See footnotes at end of table. 
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Table 13. — F valuer hy means of the analysis of variance for yarn^ and fabric- 
strength^ and for yarn- and fabric-elongation determinations, using residual and 
interaction as errors — Continued 


ELONGATION DETEKMINATIONS 



1 

! 


F values 


Measurement and soureo of variation 

Degrees 
of free- 

Warp 

Filling 


dom 

Residual 
as error 

Interac- 
tion as 
error 

j 

Residual 
as error 

Interac- 
tion as 
error 

Yarn elongation: 






Blend .... 

8 

1 230.94 

1 137 67 

1218.44 

1 102 50 

Treatment — -i 

3 

> 11.45 

2 6. 83 

1 18. 16 

‘8. 52 

Blend X treatment . _ " 

9 

1.68 



2 2. 13 


Strij^elongation before abrasion- 






3 

» 1.55.25 

1 56. 54 I 

> 204.26 

1 54 50 

Treatment — - - - 

3 

120.36 

1 7. 44 I 

‘8 35 

2 23 

Blend X treatment ... . 

9 

12.74 

. 

13. 76 


Strigelongation after abrasion- 



1 



3 

1 m. 95 

1 229. 54 

07 

1 160. 64 

Treatment 

3 

*3 56 

1 3 64 

1.53 

1 .86 

Blend X treatment 

9 

.98 


1.78 


Grab elongation: 






Blend.. ..... . 

3 

1 186.48 

»93 14 

1 137 27 

1 42. 62 

Treatment 

3 

18 43 

2 4.21 

2 3 80 

1 18 

Blend X treatment 

9 

2 2.00 


1 3 22 


Bursting elongat ion : > 






Blend 

3 

2 3. U 

! 1 67 

I 


Treatment 

3 

1.13 

.55 



Blend X treatment 

9 

2 2.03 





» Exceeds 1-percent point. 

* Exceeds 5-peroent iKiint, 

> Fabric direction not involved in bursting-strength determinations. 


indicate the general effects of mixing new and reprocesscnl wool and 
the effect of dry-cleaning and pressing processes. As has been 
suggested by Immer (6), the interaction is the proper error in this case. 

When the residual is used as error, the blends are found to differ 
significantly in strength and elongation in all of the yarn and fabric 
measurements (table 13). Highly significant differenc(ss would be 
anticipated by examination of tables 7 through 10, reporting the 
actual strength and elongation results. It may further be noted from 
these data that, in general, strength decreased regularly as the per- 
cent^e of reprocessed wool became greater. , 

With the exception of bursting elongation, in which significant 
differences were found between the blends, highly significant differ- 
ences between blends were present. Thus, as is shown in table 7 
through 10, elongation decreased with increasing percentages of 
reprocessed fiber. 

If the residual component is used as error in testing: for the effects of 
dry cleaning and pressing (treatment), highly significant differences 
are found in all instances of strength determinations and in two 
instances of elongation determinations. This may be seen by 
examination of the data in table 13. 

If consideration is given to the totals for blends receiving the same 
treatment, the reason for the existence of significant differences 
between treatments becomes evident. The strength measurements 



Nov. u, 1941 FlanveU Made of New and Reprocessed Wool 


595 


arc found to be gi’catei* at 15 dry cleanings, with progressively decreas- 
ing values after 30 and 45 dry cleanings in fjv(‘. (tases; values decrc'ase 
throughout in the cas(‘- of the tearing-strength measurements in the 
filling dir(^ction; increase at 15 dry cleanings, dticrease at 30, and 
again incn»ase at 45, following abrasion, in the filling dirc'ction; 
increase' progressive!}’' through 30 dry cleanings and decrease at 45 dry 
cleanings in grab and abrasion measurements of the warp; while two 
measurements, tearing strength of tlu^ warp and filling, show marked 
decreases after 15 dry cleanings, nunain approximately the same 
through 30 dry cleanings, and then de.crease after 45 dry cleanings. 

The effects of diy cleaning and pressing on elongation an* not 
necessarily of the sauu^ ordc'r as those on the strength im^asurements. 
The totals are found to increase after 15 diy cleanings and then 
gradually to decrease in the filling direction of the grab rh'terminations; 
to increase at 15 dry cleanings and n'lnain approximately the samr* 
throughout in the warp direction of the strip determinations; to in- 
creas(' through 30 dry ch'anings and decrease at 45 dry ch'anings in 
th(' wai’p and filling abrasion and warp grab measuioments; and to 
deci'(ais(' j)i*ogressively in the remaining four instances. 

The thii’d rpu'stion of inteirst is whether the effect of ti‘eatni('nt 
upon th<‘ four bhuids was similar. The test of significance is made by 
dividing th(‘ m(‘an srpiarv for intei'action by tlu* error mean squaiv. 
Tlu'se i‘(‘sults ai‘(* also ri'cordr'd in tabh' 13. From this table it may 
b(' S('en tlrat in th(‘ strength measur*emeuts highly significant intei*- 
actions ai’(‘ found in six instances, significant intei’actions in one in- 
stanc(', and nonsignificant interations in four instances. TivatiiKurt 
does not affect (‘longation significantly in thiT<' cases, while significant 
diHci'cnces ai’c found in tluu'c instances, and highly significant differ- 
('iices in tlu’cr' other’s. 

A di'tailed study of the nuaurs indicates the reason for significant 
differences in tlu' results. For example, tlu' mean of tlie warp 
abrasion-striuigth measurements for fabric 100 is greater at 15 dry 
clcarrirrgs, the same at 30 as at 15 dry cleairings, and lower at 45 than 
at 30 dry cleanings; for fabric 75 it is low(*r at 15, lower still at 30, 
and at 45 apprmimati'ly tin* same as at 15; for fabric 50 it is the same 
at 15 as bc'forx* dry cleaning, slightly lo’wer at 30, and lower still at 
45; and for fabric 25 it is slightly lower after each series of dry clean- 
ings. Similar fabric b(*havior is found in the (‘longation imuisurviiKuits, 
where significant or highly significant insults an' recorded. Whih' 
each individual fabric does not vaiy a gn'at (h'al in its reaction to 
treatnK'iit, the dissimilar rc'action of the other fabrics results in the 
significant differences found between treatments. 

Thus, analysis of tin* data wdth the residual us(‘d as error leads to 
the conclusions that the four fabruvs were signifi(*antly different in 
measurements of strength and (‘longation; tlu' trt^atimmts to which 
the fabrics wcu-c subjected were significantly different; and in some 
instances the four fabrics did not react similarly to trc'atment as 
registered in t(‘rms of strength and (‘longation. Tables of the actual 
results show that the fabrics d(‘creased in strength in progiHssing 
from the 100 percent new-w^ool fabric to the 25 percent new-w'ool 
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fabric when similar manufacturing processes were employed. Elon- 
gation likewise decreased as the percei^tago of reprocessed fiber was 
increased. Dry cleaning ^d pressii^ increased strength in some 
instances and lowered it in others. 

As is suggested above, it is desirable to expand the interpretation 
of the data to include an analysis of the effects of dry cleaning and 
pressing on flannel fabrics containing different percentages of new 
and reprocessed wool. For this purpose the interaction of blend X 
treatment is used as error. The results of these calculations are also 
reported in table 13 . In making tliese interpretations, however, 
it is recognized that the inclusion of a laiger number of blends and 
treatments would have been desirable and that the results are ap- 
plicable only to blends in which the fiber properties are those found 
in this study. Thus all blends of new and reprocessed wool fiber 
would not necessarily produce fabrics having the properties found 
in this study. 

Upon examination of the F values it may be seen that, regardless 
of treatment, varying the blend of new and reprocessed fibers ap- 
preciably in flannel fabrics yielded fabrics that differed significantly 
in strength and elongation. One exception to this finding was the 
elongation measurements during the determination of bursting 
strength, where it was foimd tliat all blonds behaved similarly. 

A second determination of importance involved testing for the 
significance of fabric treatment. In the strength measurements it 
is found that, regardless of blend, treatment effect is highly significant 
in four cases, significant in four, and nonsignificant in tnree. With 
the exception of tearing strength, in which both warp and filling 
directions are highly significant, the filling direction of the fabrics 
shows a greater tendency than the waip to give highly significant 
results. In several instanQcs fabrics that are significantly different 
in one fabric direction are nonsignificant in the other. Thus the re- 
sults of the application of the test of significance for the effects of 
fabric treatment on the strength of the fabrics are mixed. 

In the effect of treatment on fabric elongation it is found that, 
r^ardle^ of blend, treatment affects elongation highly s^ificantly 
in two instances, significantly in two, and nonsignificantly in five. 

In summarizii^ the findings based on the second method of inter- 
pretation, it is shown that blending new and reprocessed wool fiber of 
the types employed in the present study in varying proportions and 
subjecting them to the same manufacturing processes resulted in 
fabrics of different strength and elongation, regardless of subsequent 
diy-cleaning and pressing processes. cleaning and pressing the 

fabrics affected strength and elongation significantly in some instances 
and nons^ificantly in others, regardless of the mend. 

SUMMARY 

Wool flannel fabrics containing different blends of new and re- 
process^ fiber were manufactured, using identical spinning, weaving, 
and finishing processes. Chemical and physical tests were applied 
to the fabrics as received from the manufacturer and after varying 
numbers of commercial dry-cleanings and pressings. 

Comparisons of the fiber qualities of the new and the reprocessed 
wotfl indicated that the new wool was finer, longer, and crimpier. 
No diff^'ence in average contour ratio was found, 
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Ash and Tiiirog(*n, wen* greater in the new fiber whereas the sulfur 
content was lower. 

Examination of the fundamental properties of the four fabrics 
manufactured indicated that, when fibers of the nature described 
were used for blending, an increase in the percentage of reproc(*ssed 
wool resulted in an appreciabh* decrease* in the weight per square yard, 
though the number of yams per inch decreased only slightly and the 
twist remained approximately the same. 

Comparisons between the* diamet(*r of the fibers in the finished 
fabrics and those* in the new and reprocess(*el wool from which the 
fabrics were made indicateel that the coarser reproce'ssed fiber must 
have bee*n e'liminatexl to a certain e*xte'nt during manufacture. 

Determinations of the moisture, ash, nitre)ge'n, and sulfur content 
of the fabrics be*fore and after dry cleaning and pressing showed that 
the ash te*nded to increase* with dry ch'aning; that neither ble'iul nor 
treatment affected the sulfur content appreciably; and that in all 
ble?nds there was a marked increase in nitrogen between the fifteenth 
and thirtieth dry cleanings. 

Statistical methods were applied in the analyses of the effects of 
abrasion and dry cleaning and pressing on the four fabrics. Non- 
significant differences in strength between unabraded fabrics and 
fabrics abraded 1,000 times were found. However, there was a 
decrease in elongation following abrasion. 

When the interpretation of the results of the application of the 
analysis of variance was limited to comparisons between the four 
fabrics studied, it was found that the fabrics were significantly 
different in strength and elongation; the treatments to which they 
were subjected were significantly different; and in some instances 
they did not react similarly to treatment. Expanding the interpre- 
tation to indicate the general effects of blending new and reprocessed 
wool of the types used in this studv in manufacturing flamiel fabrics 
resulted in the conclusion that fabrics of different strength and 
elongation are produced, regardless of subsequent dry cleaning and 
pressing processes to which they may be exposed. T^hus, regardless 
of the method of interpretation, it was found that increases in the 
percentage of the reprocessed wool used in this study resulted in 
corresponding decreases in fabric strength and elongation. The 
effects of dry cleaning and pressing were mixed and therefore incon- 
clusive. 
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INHERITANCE OF RESISTANCE TO SIX PHYSIOLOGIC 
RACES OF BEAN RUST' 

By W. J. Zaumeykii, pathologist, and Ij. L. Hakteii, senior paihologisty Division 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry^ United 
States Department of Agriculture 2 

INTRODUCTION 

The presciiice of 2 physiologic races of the b(*an rust organism 
{I vornyven phasroli typiea Arth.) was first demonstrated by Harter, 
Andrus, and Zauni(\vcr (6')/^ Later, Harter (6) and Harter and Zau- 
in(‘yer (7) reported IS additional ones. They showed that certain 
vari(‘ties aiid strains of beans {Phaseolm mlgarh Ij.) wen* resistant to 
a number of th(*S(‘ j)hysiologic races whereas other varieties W(*re 
susceptibh*. 

Wingard {IS) studied the inheritance of rust resistance and showed 
in. two different crosses involving resistan(‘e and susc(*ptil)ility that 
resistance*- was d(*p(*ndent on a single dominant factor, the K2 results 
sliowing a ratio of 3 resistant plants to 1 susceptible*. He made no 
counts in the* F3 generation, hut reported that the susceptible F2 
plants br(‘d true for susceptibility in the F3 generation and that the 
F2 resistant plants se'grvgate'd for iTsistance and susceptibility. It is 
assurn(*d that Wingard worke*d with a single* physie)le)gic race, and his 
re*sults are ae*ce‘pte*el as proof of the rneule* e)f inlu*ritance for the* be*an 
varietie*s and the race of rust he us(*d. With the* identification eif a 
number e>f physiole)gie* race*s of l)<*an rust since the* publication e>f his 
re*sults, the eiuc*stion naturally arose as to whe‘ther pre)ge'nies of various 
l)e*an crosse's show the same genetie* behavior with refere*ne*e to othe*r 
race*s of rust. lnv(*stigations ^ 11) on the sti'in rust e)f wheat 

(PuccinUi yram'nns tritiei Eriks, and Henn.) showe‘d that resistance 
was not inhe*rite*d alike by all varietie*s and to various race's of the 
])arasite. This paper deals with the inhe*ritanc<‘ of r(*sislane*e, in a 
number of be*an hybriels, to several of the* physiologic race's of the bean 
rust organism. 

MATf:RIALS AND METHODS 

The rust mate'Hal used in tlu'se stuelie's was e*ither collecte*d by the 
writers in se*veral s(*ctions of the Unite'el States or se*nt to them by 
various pathologists throughout the* country. Late*r a numbe*r e)f 
different benin varieties were* inoculatc'd with tliese strains for purpe)se's 
of identification and to te*st the purity of the* particular physiologic 
race. If more than one* race were pre'sent, (*ach was isolat(*d and 
pure'-lined by using spores of a single sorus. Each rae*e was then in- 
creased by tlie inoculation of some susceptible variety and then rein- 
oculated to the differential varietie's for the re*determination of piiiity. 

> Received for publication June 6, 1U41. 
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When this was accomplished, the infected leaves were collected, dried 
for a few days between blotting papers, and then stored in envelopes 
in a refrigerator at —6° C. until needed for inoculation purposes. 
The physiologic races involved in this study were 1, 2, 6, 11, 12, and 
17, and the identical lines of these races were maintained throughout 
the course of the experiments. In some cases slight race mixtures 
occurred in the inoculated Fa plants, but these were in such reduced 
numbers that they were readily detectable and did not in any way 
confuse the results. For example, certain plants from a homozygous 
susceptible line exhibited a very small number of lesions of the resis- 
tant type, whereas the CTejit majority of lesions were of the susceptible 
type, indicating that the resistant lesions were possibly produced by 
a race of the rust unlike the one producing the lai^e pusttiles. Sim- 
ilarly, in certain homozygous resistant and heterozygous lines the 
predominating lesions were of the resistant type, but occasionally a 
small percentage of the pustules of the extremely susceptible type 
were noted ; this indicated a slight race mixture. 

The bean varieties or strains (table 1) used for differentiating the 
several physiologic races were as follows: (1) U. S. No. 3, a white- 
seeded Kentucky Wonder type; (2) Small White {California); (3) 
Pinto; (4) No. 765,^ a Kentucky Wonder Wax selection; (5) No. 780,^ 
a white-seeded Kentucky Wondier strain; (6) No. 814,^ a brown-seeded 
Kentucky Wonder type. These varieties and those used for hybrid- 
ization were inoculated in progeny tests and were found to breed true 
for resistance and susceptibility. The seed was grown by the writers 
at Greeley, Colo. In order to study the mode of inheritance of re- 
sistance to several of the physiologic races of bean rust, four different 
crosses involving six bean varieties and strains were made between 
certain varieties that were resistant to some of the races and those 
that were susceptible, and later the progenies were tested with the 
six selected physiologic races, of the organism. One of the determining 
factors underlying the choice of the physiologic races for study was 
the reaction oi the differential varieties whose resistance and suscepti- 
bility to these races had previously been determined. By a consider- 
ation of those factors it was believed that a fairly reliable cross section 
of the reaction to the six races chosen would be obtained, or at least 
enough would be learned about them to deteirminc whether the hybrids 
that were inoculated agreed or differed in their mode of inheritance. 


Tablb 1 . — Readim of differential bean varieties and strains to 6 seleded physioloffic 

races of bean rust 


DlfTerential variety or strain 

Infection grade 

1 produced by physiologic raoe^ 

1 

2 

e 

11 

12 

17 

U. B. No. 3 

2 

10 


10 

10 

10 

Small White (California) ' 

Pinto 

9 

10 

8 

10 

1 

1 

0 

3 

9 

10 

2 

9 

10 

d 

10 

10 

2 

1 

10 

g 

No. 766 

1 

1-2 

No, 780 

2 

6 

10 

i 

1 

No. 814 

1 

9 

0 

0 


i infMtion mdes nnge feom 0 (br immunity to 10 for bigtust donee of ousoeptlbtUty. 

> The iraotlonal exprewion of grade Indloateo unequal site of puotules on upper and Wer oUeo Of leaf. 


< NumOne carried In tbe files of tbe writers. 
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Hybridization was done under controlled greenhouse conditions. 
The parents and the crosses are listed in tables 2 and 3. Instead of 
inoculating the Fi plants, the seed was increased under field conditions 
at Greeley, Colo. The environmental conditions of low humidities 
and high temperatures that prevail in Colorado and the danger of 
contamination of the physiologic races made it inadvisable to test 
the plants in the F, generation. The Fj plants weie inoculated under 
greenhouse conditions at Beltsville, Md. The seed was planted in 
4-inch pots, and when the primary leaves were about three-fourths 
^rown they were inoculated with the particular race of rust to be 
investigated by spraying their upper sides with a spore suspension. 

At the same time a set of differential varieties was also inoculated 
to be certain of the purity of the particular race. The inoculated 
plants were then placed in a large chamber where the humidity was 
maintained at about 95 percent. After 24 to 48 hours in this chamber, 
they wore removed and placed in greenhouse benches at a temperature 
varying from 75° to 80° F. At the end of 14 days, the grades of 
infection were record(«l and the plants were labeled as to their reaction 
to the physiologic race of rust involved. Some of the hybrid plants 
of all classes were transplanted to greenhouse benches and allowed to 
grow to maturity. The seed harvested from the transplanted F* 
plants was grown later, and the plants were tested under greenljouse 
conditions for the Fa data. The Fa plants selected to give rise to the 
Fa families were chosen at random within the resistant and susceptible 
classes. The Fa families resulting from these selected Fa plants were 
inoculated, and the results obtained were used to verify the Fa data. 


Table 2 - -Reaction of parental bean mrietiee and strains to 6 selected physiologic 

races of bean rust 



1 A strain closoly related to No. 814, one of the differential varieties. 


All of the F, plants that were inoculated with the six rust races 
were tested in the spring of 1938 and 1939. Most of the Fa plants of 
the various hybrids were tested in the fall of 1939 and the first 3 months 
of 1940, when conditions were not as favorable for the development 
of the host and fungus as they were when the F, plants were inoculated. 

The method used in identifying the various physiologic races was 
described by Harter and Zaumeyer (7) and will be reviewed only 
briefly. The scale (table 1) for relative resistance or susceptibility 
rangM from 0 to 10 and is based on the size of the sori. Under very 
favorable conditions for growth, readings lower than 5 (see figs. 1, A; 
5, A; 7, B) denote grades of resistance; those from 5 to 10 (see Am. 
1, j?; 6, A) represent grades of susceptibility. There appears to be 
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no trace of mycelial invasion in the host tissue of plants rated 0 
(see fig. 3, .4), and they are consequently regarded as immune. A 
grade of 1 (see fig. 1,4 and C) denotes a very high degree of resistance 
with the production of small to medium hypersensitive necrotic areas 
on the leaves without the formation of uredospores. A plant in 
grade 2 is still considered higldy resistant, but a small number of 
uredospores are produced in the hypersensitive necrotic lesions. 
Plants with ratings of grade 3-4 (see figs. 5, E-, 6, D) are moderately 
resistant, and the sori on the leaves are comparatively small. Plants 
rated grade 5 or above are regarded as being in the susceptible class, 
the pustules becoming progressively larger until the extremely sus- 
ceptible grade 10 (see fig. 2, B) is reached. Table 1 shows that each 
physiologic race can be readily identified from its degree of infectivity 
on the several differential bean varieties. 

The ratings in all classes were found to vary somewhat with changes 
in environmental conditions. Under favorable conditions, such as 
bright sunlight and a moderately high temperature (20° to 30° C.) 
following infection, the various physiologic races produced their 
maximum development, but during dark, cool weather or at tempera- 
tures above 32° the lesions were, usually subnormal in size. For 
example, a variety rating grade 1 or 2 under favorable environment 
for the fungus may show a 0 or 1 rating, respectively, under adverse 
conditions. This would also be true for other grades, as, for example, 
a variety showing a 9 to 10 rating under good conditions might show 
only 7 to 8 under conditions adverse for the rust or host. 

After establishing the purity of the several physiologic races, the 
parents were inoculated to detormme their reaction to the six select(Ml 
races of rust. These data are recorded in table 2. 

The data recorded in this paper were subjected to the x* test for 
goodness of fit. This test was applied independently to Fj families 
from individual Fj plants and to Fa families fiom Fa plants and also 
to the totals of a number of tested families according to Fisher’s (S) 
statistical methods. 


EXPERIMENTAL RESULTS 
REACTION OF Fj GENERATION 

The Fi plants were not inoculated but weie grown under field con- 
ditions in order to obtain laigc seed populations. Fiom 160 t<o 593 
plants in the several Fa progenies wore inoculated (tables 3 and 4). 
No test was made with reciprocal crosses. An analysis of the data 
(table 3) shows that with races 1, 2, 6, and 12, resistance was dominant 
to susceptibility, with a 3:rseOTegation in the F* generation, indiedtinjg 
a single-factor difference. With races 11 and 17, incomplete domi- 
nance is shown by the segregation of resistant, intermediate, and sus- 
ceptible plants in the ratio. of 1:2:1 (table 4). The x* values indicated 
that the observed data fit the calculated ^uite closely in all but one 
instance. Three progenies of the cross Pinto X No. 780 inoculated 
with race 2 showed a fairly good fit to a 3:1 ratio when tlie x* value 
(6.751)® was computed for the sum of the values of the individual 


‘ f5-percei)t point -aT.SlS, 
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families. The value for the total population of the 3 families was 
6.168 * (1 degree of freedom), which indicated a rather poor fit to this 
ratio. The deviations in tlni 3 families were all minus but nonsignifi- 
cant. Because of the cumulative effect of these deviations, the total 
deviation was significant, thus accounting for the high x* value. 

Table Z. - Reaction of progenies to physiologic races U 2^6 ^ and 12 


C'ross 


Tencil Pod Black Wax X Xo. 766. 
Observed 

Calculated 3 ] ratio 
Pencil Pod Black Wax X No. 765 
Observed 

Calculated 3 1 ratio 
Pinto X No. 780' 

Observed 

(Calculated 31 ratio 
Cranberry X Pinto 
Observed 

Calculated 3 1 rat lo . 

Pinto X No 1«2~48 
Observed. 

Calculated 3 1 ratio 


Proge- 

nies 

Rust 

Plants inoculated 

Total X- of indi- 
vidual proge- 
nies 1 

x^' calcu- 
lated on 
total f)f 
each 
pheno- 
tyiw in 
all fami- 
lic.s 3 

race 

No. 

Total 

Resist- 

ant 

(grade 

1) 

Suscep- 

tible 

(grade 

10) 

Calcu- 

lated 

r>-fK»r- 

cent 

point 

Nuvi- 

her 

4 , 

. 

Nn m- 
her 

264 

Num- 

ber 

200 

108 

Num- 

ber 

64 

tW 

0 788 ; 

9 488 

0 080 

4 


593 

448 

444 75 

145 i 

148 26 j 

1 876 

9 488 

1 0<»6 

1 

3 

2 

243 

190 

182 26 

44 

CO. 76 { 

6 761 

7 S15 

1 6 1.57 

i 

2 

* 

370 

1 

278 ! 

277 5 ; 

92 

92,6 

926 1 

6 991 

j 

i . OfW 


12 

i i 

1 466 ' 

1 

1 369 

348 76 ! 

1 1 

106 

1 no 25 

1 

2. 6.54 

i 

7 816 

I 1 205 

! -- - 


' Dejjrees of freedom number of |)rot?(‘nies. 

* 1 decree of frmlotn, 6-iK'rcent point = 3.S41. 


Table 4 -- Reaction of Fi progenies to physiologic races 11 and 17 


Plants inoculated 


! calcu- 









1 oiai 
X^of 
indi- 
vidual 
proge- 
nies > 

lated on 

Cross 

Proge- 

nies 

Rust 

race 

No. 

Total 

Resist- 

ant 

(grade 

1) 

Inter- 

mediate 

(grade 

.5-6) 

Suscep- 

tible 

(grade 

10) 

each 
jiheno- 
tyix' 
in all 
families * 

Pinto X No, 780; 

ObfK^rved 

Num- 

ber 

3 

11 

Num- 1 
i ber 

1 160 

Num- 

ber 

40 

i Num- 
\ ber 

78 

Num- 

ber 

42 

3. 383 

0 150 

Calculated 1:2:1 ratio. 


.. 

, 

40 

80 

40 

' 


Pinto X No. 192-48: 

Observed 

3 

17 

461 

127 

222 

112 

6.033 

1.603 

Calculated 1:21 ratio . . 

-- -- 




11.5.26 

230.5 

115. 26 




» Degrees of freedom number of progenies; 6-percent point*7.815. 

* 2 degrees of freedom; 6-percent point«»5.Wl. 

REACTION TO INDIVIDUAL RACES 
Rust Race 1 

Ot 44 resistant families (table 5) derived from plants inoculated 
with rust race 1 in F* and tested with the identical race in F3, 19 were 
homozygous for resistance and 25 were heterozygous. 'This is a 

^ 6*percent point* 3.841, 
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fairly close fit to a 1 :2 ratio with a x* value of 1 .920.’' The segr^ation 
of resistant and susceptible plants (fig. 1, C and D) in the 25 hetero- 
zy^us families is a good fit to a 3:1 ratio. The total x^ values of the 
individual families is 23.216 • for 25 degree of freedom, and the x* 
value for the total population of all the families is 2.290 ’’ for 1 degree 
of freedom. 

The progenies from 10 Fj selfed susceptible plants were homozygous 
for susceptibility. These results contribute additional evidence to 
support the single-factor hypothesis. 

KtTST Rack 2 

Of 54 resistant (fig. 2, G) families (table 5) derived from Fj plants 
inoculated with rust race 2 and tested with the identical race in Fs, 20 
were homozygous for resistance and 34 heterozygous. This segrega- 
tion is likewise a good fit to a 1:2 ratio with a x* value of 0.218.' 
The 34 heterozygous families segregated in a 3:1 ratio (table 5). Tlie 
total X* values of the individual families is 44.171 * for 34 degrees of 
freedom. The x* value for the total number of tested plants (1 degree 
of freedom) is 9.471,' which showed a poor fit to a 3:1 ratio. An ex- 
amination of the data recording the reaction of each individual family 
but not listed in this paper showed that only 1 family deviated signifi- 
cantly from the calculated. A few others showed fairly large but non- 
significant deviations. The deviations, however, in 25 of the 34 fami- 
lies were in one direction (minus), wlxich accounted, in part, for the 
high x** value for the total number of plants tested. 

Eleven families that were susc^tible (fig. 2, D) in F 2 proved to be 
homozygous for 8usc(‘ptibility m Fj. 


Table 5. — Reaction to physiologic races /, and 6 of progenies descended from 
F 2 hybrids inoculated with the respective races 




j Plants Inoculated 


X® of total 

Physiologic race and classification of plants 
in Fa generation 

Families 

testofi 

Total 

Suscjep- 

tible 

of indi- 
vidual 
families « 

of each 
pheno- 
type in 
all fam- 
lHes> 

Race 1: 

Number 

Number Number 

Number 



Homozygous resistant (grade 1-2) 

19 

888 888 

0 



Heterozygous resistant (grade 1-2)— 






Obst'Tved--- . 

25 1 

1,232 947 

285 

*23. 216 

2.290 

Calculated 3 : 1 ratio — 1 


924 

308 



Race 2: 






Homozygous resistant (grade 1-2) 

20 

773 773 

0 



Heterozygous resistant (grade 1-2)— 






Observed 

34 

1,507 1,228 

339 

< 44. 171 

0. 471 

Calculated 3 : 1 ratio 


1,175.25 

! 391. 75 



Race 6: 






Homozygous resistant (grade 1-2) 

19 

598 595 

*3 



Heterozygous resistant (grade 1-2)— 






Observed. 

41 

1,844 * 1,429 

416 

U2.824 

6.120 

Calculated6:l ratio 


1,383 

461 










1 DeRrees of freedom «»number of progenies. 

> 1 degree of freedom; ILperoent poim»3.84l. 

« 6-peroent point'*37.652, 

< Equofai 13-peroent point. 

* Probably doe to seed mixture. 

« Among resistant plants^ 175 severely variegated. 
f Bqugis 40-peroent point. 

7 5-p6rceiit point«d.g4L 
t hpasemt point « 37.652. 

* 13«pefoent point. 
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Figure 1 — Host reaction to race 1 At Grade 1 on No 763 H, grade 10 on Pencil Pod Black Wax, C, grade 1 on 
Fj hybrid of crob-s Pencil Pod Black Wax X No 765, /), grade 10 on another hybrid of same cross 
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RubT Race 6 

Tlio Fi prof^onios inoculated with race 0 (table 3) segregated in 
a ratio of 3 resistant ])lants to 1 susceptible (fig. 3, Tand D). A few 




plants manifested a leaf variegation (fig. 4, B and T), which was 
described earlier by the senior writer (/O as a heritable abnormality 

42a481— 41 4 


her h> brid of same cross 
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resembling; mosaic. The mildly variegated plants showed a sub- 
normal grade of infection (fig. 4, ^0, whereas those severelv varic'gated 
showed no infection (fig. 4, B), Since the number of sucfi plants was 
small, the ratio of resistajice to siisce[)tibility was not greatly altered. 
In 1 progeny then' w(‘re 14 variegat<'d plants, 3 of which showed a 



dofirieucy; m another. 18 plants w,.re varie- 
gatui, but none of them* were seriously affeeteiL 

Vanwated plants are defieient in elllorophvll, the degree denendine 
upon the extent of the variegation (fig. 4, ^ and O) U is likSv S 

Sd “ sorminatmg spore onterg the host through a stoma, 

but its progress and development from tliis point aoDarontlv are 
lependent u^n the amount of clilorophyll present in tS^c leaf In a 
seriously variegated leaf the fungus pJsJbl/dierbiause if the tl 
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of nutrients. Its pro^rc^ss cannot be great since hypersensitive ne- 
crotic l(‘sions seldom occur on such leaves. In moderately or mildly 
variegated leaves, a few sori were observ(*d but usually only in those 
regions wlu^re some chlorophyll was present . A seriously variegated 
plant was recorded as r(*sistant even tnough genotypically it may have 
acked the gene res])onsibl(‘ for resistance obsi^rved in non variegated 
plants. 

Of 60 families (tabic* 5) dc‘riv(*d from I'csistant plants inoculated 
with race 6 in F 2 and inoculatcnl with the same race in F 3 , 19 were 
homozygous for resistance' and 41 segrc'gatc'd in a ratio of 3 rc'sistant 
plants to 1 susceptible. The deviation from the* calculated 1:2 ratio 
of pure-breeding resistant to sc'gregating families derived from F 2 
resistant plants was not significant. The value is 0.075/^ which 
provc's a veay good fit to this ratio. Among the 19 homozygous 
ivsistant families, 3 plants of 598 were susceptible, which possibly 
rc'sulted from seed mixture. 

Of 41 heterozygous resistant families (table 5) with a total popula- 
tion of 1,844 ])lants, 175 were sovmAy variegatcal. In many of the 
progcaiic'S where varic'gation occurred, the numlx'r of suscc'ptible plants 
was slightly below the calculatcal 3 : 1 ratio. It is not assumcal 
that the d('ficien(\y in numbers of susceptible plants was due in all 
casc's to the prescaicc* of varic'gatc'd plants. There was a deficiency, 
or a —46 deviation, of susceptible* plants from the calculated number 
for a 3 : 1 ratio. The* total x“ value for this ratio was 42.824 ” for 
41 d(*gr(‘(*s of freedom, which shows a nonsignificant deviation from a 
3 : 1 ratio. The value of x * when computed for the total population 
of the 41 families was 6.12,^^^ which does not indicate a good fit for a 
3 : I ratio. Twenty-sc'ven of the 41 lieterozygous families showed 
an insufficient number of susceptible ])lants, which in most cases 
was dm* to the jin'senci* of variegation. Only 1 family showed a 
slight significant deviation, but due to tlie accumulation of deficient 
numbers of susceptible plants, the x“ value of the totals of the tested 
famili(*s fitted a 3:1 ratio rather poorly. It is possible that the 
deviation would have be(*n smaller had there been no variegated 
plants. 

The Fo susceptible ])lants did not produce lOO-percent susceptibility 
in F 3 . Of a total of 305 plants from 7 famili(*s, 22 plants were resistant. 
All l)ut 1 of these were variegated, from which it is assumed that the 
lack of true breeding was (lu* result of this chlorophyll deficiency. 
In 1 family 3 plants were resistant and 2 of thes(* were variegated. 
The resistant nonvariegated plant may have* (*scaped inoculation 
or it may have resulted from seed mixture. 

The reason for the lack of infection of variegated plants is not 
definitely known. It may be due to a ])urely physiologic reaction of 
the host and fungus or to modifying genetic factoVs. 

The data given above in some respects fail to corroborate those of 
the F 2 generation, indicating that resistance to pliysiologic race 6 
may not be governed by a single dominant factor. If certain modify- 
ing factors are responsible for the lack of true breeding of the varie- 
gated plants, more than a single factor may govei'n the inheritance 
in the hybrids tested with this race. 


*®5-perwiit iK)int««3.841. 
Equals 40-pt»rcent point. 



Vol. 63, No. 10 


610 Journal of Agricultural Research 


Rust Race 12 

Thirty -sev(Mi families (table 0) derivetl from the 1^2 resistant us 
well as 17 from the susceptible class were inoculated in the F3 genera- 
tion. Fourteen of tln^ 87 families wore homozygous for resistance and 
23 segregated in a ratio of 8 resistant plants to 1 susceptible. Tlu^ 
deviation from the calcuhited 1 :2 ratio of homozygous resistant 
to heterozygous resistant families was nonsignificant with a x" 
value of 0.81.’“ 

Tablk G.— Henclion to physiologic race 12 of F‘i progenies descended from Fi hybrids 
inoculated with the same race 


Plants inoculatiHl 


(Classification m Fs generation 


Fam- 

ilies 

tesliMi 


Total 


Re- 

sistant 


Homozygous resistant (0 grade). . 
Heterozygous i(‘sistant 
Observed 1 
Calculated 3 1 latio 
Homozygous susee])tible 


Numbfr 

14 


Nn mhn 
619 


Kiimlnr 

619 


23 

17 


1. (134 


2 772 
776 6 


0 


1 1'otal of individual progenit's was 12.239; S-peromt poinl-35 172. 
families was 6.063, 5-percent point *-3 841. 

2 Resistance gra<le 0, in 20 familie.s, and giade 3, m 3 families. 


Susceptible 


Total 


Uradv 



.5 

IV 7 1 

1 

S t) 

' 

ruber 

Xu rnbrr 

1 

'Xumberl 

Xu mbi'T 

0 


\ \ 


1 262 

124 

41 1 

97 

1 2.58. 5 
8.54 

40fi 1 

1 i 

1 1 

247 


for total of each phenot>ix*inall 


The susceptible plants (table* G) in both the Indei ozygons and homo- 
zygous suscc^ptible classes are divided into three grad(‘s, i. e.» oik* 
grade intending plants showing extreme susceptibility, aporoxirnately 
as exhibited by tlie F2 plahts (,fig. fi, 77), and two lower grad(*s. The 
conditions at. the time the F3 fainili(*s were inoeulat(*d \v(*re nor, as 
favorable as when the F2 plants w(‘re tested, from vvhieh it is assum<‘d 
that some of this variability may have been due to a lack of favorable* 
environmental conditions for the best di^vcdopment of the rust fungus 
and host. It is noted (table G), howev(»r. that the segregation of tlie 
heterozygous resistant families into 3 r(*sistarit plants to 1 susceptible 
is a good fit to a 3:1 ratio. Three famili(*s showf^d a grade 8 resistance 
(fig. fi, /'y) and others complete immunity. If the iiifc'ction had lieen 
slightly higher, these three fanuUes might possibly have been classed 
as homozygous susceptible with the assumj)tion that an error IukI 
bmi made in the clarification of the F2 plants. On the other hand, 
with the (*xtrcme differcmct* between a grade 8 rating as shown by 7fi 
pen*,(*nt of the plants in these three families, and a grade 8 to 10 rating 
as exhibited by 25 pcjrcent, it hardly appears likely that any serious 
error in classification could have occurred. 

All of the 17 F. homozygous susceptible families were 100 percent 
susceptible in F^. 

No. 192-48, the resistant parent of the crosses inoculated with race 
1- gave a 0 reaction (table 2), whereas in theF2 the resistant plants 
gave a grade 1 reaction (fig. fi, (7). This slight variation may have 
been due t o the environment. On the other hand, the gi*ado 3 reac- 

‘2 5-perc(Mit point *3.841. 
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Figure 5. — Host reaction to race 12: Grade* 0 on No. 192-48: H, grade 10 on Pinto: grade 1 on hybrid of cross Pinto X No. 

192-48; D, E, grades 10 and 3, respectively, on other hybrids of same cross. 
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tion shown bv the plants in the above-mentioned three lamilies cannot 
be explained ‘in this manner. Neither is one justified in assuming that 
all of the variations in the susceptible class (table 6) were due to en- 
vironment alone. It is possible that a major genetic factor may 
govern ihe range of resistance from 0 to 4 , and another, the range of 
susceptibility from 5 to 10. Clark (Jf), wlio apparently observed a 
similar phenomenon in his studies of the inheritance of stem rust 
and bunt in spring wheat crosses, statod that the effect of minor and 
modifying factors cannot always be distinguished from the effect of 
environment. The modifying factors alone or combined with the 
influence of environment might tend to induce variable degrees of 
resistance and susceptibility in certain families, but not to the extent 
that they would be grouped into any ex(‘ept a major resistant or sus- 
ceptible class. This could account for the facts (1) that some of the 
heterozygous families did not show the same typo of resistance and 
susceptibility at all times and (2) that the homozygous susceptible 
families did not exhibit the same degree of susceptibility. 

In order to determine, if possible, the reason w^hy the pT*ogeni(»s 
exhibited types of rcisistance and susr^eptibility not noted in F2, 
another F2 line of identical parentage was t(‘sted and compared simul- 
taneously with several F3 progenies derived from resistant F2 ])lants. 
The inoculations were made under more favorable conditions but not 
quite as near ideal as when the first F2 families were tested (tabic 7). 

Table 7. — Comparison of reactions of progenies with certain F3 progenies 
derived from previously tested F% plants that were resistant to rare 12 


(Maswifleation, (soneration, and piopeny 


Fa proReny, 1229-1 . 

Observed-- - . . 

Calculated 3.1 ratio . 

Homozygous resistant Fs progenies. 
1227-4-81. ... 

1227-4-85 ..... 

Heterozygous resistant Fa progenies. 

1227-4-76 - 

1227-4-79 

1227-4 IfW 

1227-4-175 

1227-4-181 

Total: 

Obfw*rved 

Calculated 3:1 ratio 


IMants inoculated 



Kcslstant 


Susceptible 


1'otal 


< bade 

— 


(Jra<h 



Total 


' 


'Potal 



! 



0 


3-4 


5 

6 

;8-10 

Vo. 

No. 

No 

No 

No. 

No. 

No. 

_ 1 

No Lvo 

171 

129 

10,4 

19 

6 

42 

20 

10 

12 


128.25 




42 75 



80 

80 

HO 

0 

0 

0 




44 

44 

0 

0 

44 

« 




56 

42 

42 

0 

0 

13 

13 

0 

0 

48 

35 

35 

0 

0 

13 

0 

0 

n 

26 

16 

0 j 

1 

16 

10 

0 

0 

10 

40 

30 

0 

0 

30 

10 

0 

0 

10 

30 

22 

0 

22 

0 

8 

0 

0 

8 

199 

145 

77 

22 

46 

54 

13 

0 

41 


149 25 


- 


49 75 



— , - 











x»of 

indi- 

vidual 

pmg- 

cni<‘.s 


» 0. 017 


.05(> 
111 
2. 513 
0 

.044 


i 2. 724 


^ ft-jHircent point = 3.84 1 . 

the%pSiVrSitlva^^^^^ calculated on total of each phenotype in all families was 0.4.44, for which 


The F* progeny 1,229-1 (Pinto X No. 192-48) segregated into 
3 elates of resistance and 3 of susceptibility (table 7) and showed 
* good fit to a 3:1 ratio. Two Fs families were homozygous for re- 
sistance, 1 showing total immunity and the other a grade 3 4 re- 

reaction. Five families with a total of 145 plants of different degrees 
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of resistance plus 54 of s(jveral degrees of susceptibility were heter- 
ozygous for resistance. The deviation is not significant and the 
value of is 2.724 for 5 degrees of freedom, proving a very good 
fit to a 3:1 ratio. 

The results indicate that actually several types of resistance and 
susceptibility to rac(‘ 12 may occur. Why they Avere not recognized 
in the F2 plants inoculated earliei (table 3) is not known, but it is 
likely that they were masked because of the environment and appeared 
only under conditions thus far not exactly determined. 

Rust Race 11 

The F2 hybrids inoculated with rust race 11 (table 4) segregated 
in a ratio of 1 resistant to 2 intermediate to 1 susceptible plant 
(fig. 6, (\ Ey F), Twenty families in the F3 gcuieration, derived 
from previously tested F2 resistant plants, were inoculated with the 
same race used in F^, and all were found to be resistant but not to tlie 
sam(‘ degree as in the F2 generation. The resistant plants were 
grouped into four classes (talkie 8) and in only a f('W instances did all 
of th(‘ plants in any one family fall into the same class. Twelve 
progenies fell within (4th('r 1 or 2 groups and eight progenies within 4. 
Tlie progenies that fell within 1 or 2 groups were inoculated under 
diffon'nt environmental conditions from those that were grouped 
into 4 classes. 


Table 8.- fteactum (o physiologic race It of F:i families descended from F 2 plants 
inoculated with the mme race 


(' hiss i float ion in Fj gonoration 


Homozygous resist ant (grade l» 
Iloterozygous resistant (grade 5-0) 
Observed i 
Calculated 1.2.1 ratio 
II omozygou.s susceptible (grade 10) 


Plants inoculated 


I ; ; lies, stance* grade - | Susceptibility 

! i Total _ ! ‘ 

I , I 0 , 1 1-2 I 2 3 I 4 I .vr> 1 8-10 


! Xum- i Num- i.Viiw-iiVi/w-, Num- \Num-\Xum-\ Nvm- jiVwm- 

1 her ! her • her I Iter , her i her htr ! her her 

I 20 i l,H77 I 710 , 4f»9 j 0 ; 120 ! 78 1 0 0 

I I ■ i I 

: 27 1 1. 769 0 i 0 j 452 0 > 0 I 891 i 426 

i I ' ! 442 2 . I I 884 4 I 442. 2 

! 10 1 603 I * 2 I 0 I 0 ! 0 1 0 0 ! 501 


» Total X * of individual progenies was 22.633 and the 5-i)crcx*nl point was 40 113. The x * calculated for 
total of each phenotypi* in 3ll famille.s was 0.869 and the 5-iHwnt point was 5 991. 
s Possibly the result of seed mixture or of e.scai)e from inoculation. 


Neither parent (table 2) of the crosses inoculat(‘d with race J1 
showed a high degree* of resistance. No. 780 (fig. 0, yl), tin* more 
tolerant pan^iit, gave a reaction of 6. The* Fa i*esistant progenies 
showed a transgr(‘ssive segregation in that they W(*re more resistant 
(fig. 6, r) than either parent, which would indicate that moie than a 
single factor governed the inheritance of resistance to this race. 

If it is assumed tliat the range of resistance in the Fa homozygous 
resistant class could vary no further than from 0 to 2, depending on 
environmental conditions, it wo\ild be difficult to explain on this 
basis the extreme variability of resistance such as was found in the 
F3 homozygous resistant families. Possibly it may be explained ac- 
cording to the theory mentioned earlier with regard to race 12, that is, 
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that a major dominant ^one might be responsible for the range of 
resistance' from 0 to 4 and that minor modifying factors which may 
differ in amount and effc'ct might be responsible for the other types 
of resistance shown in the' several P3 homozygous resistant families. 

Twenty-seven heterozygous families that showed an intermediate', 
redaction in F2 segregateMl in a 1:2:1 ratio in F3 (table 8), showing that 
tbe>! 3 F2 generation edasses weue distinct. The range of resistance 
was not as variable as it was in the homozygous iTsistant farnilie^s, 
which made it h'ss difficult to separate the plants within a family 
into their proper classifie*ation. Why little, if any, varialnlity 
occunvel in these familie^s as compare'd with the homozygous re'sistant 
families is unce‘,rtain. Both classe's were inoculateel at the same time 
anel under identical enviionine'ntal conelitienis. Of 1,769 plants in- 
oenlateel in the 27 familie's (table 8), 452 weu‘e i-esistant, 891 inte*r- 
mediate, and 426 susceptible. The x ^ valuers shown in table 8 ineli- 
cate a good fit to a 1:2:1 distributien. 

.In 10 hermozygous susceptible familie'S (table 8) 503 plants were 
te'Sted and all except 2 weue' susceptible to appre>ximatedy the same 
(h'gre'e as in the* Fo ge*ne*ratie)n. The 2 i*esistant plants occurre*el in 
separate* families, anel it is probable that the*y rcsulte*el from see*.d 
mixture* but the*y niav have e*scape*d inoeuilatiem. 

A few chlorophyll-ele'ficient plants that eliffeieel in appearance 
fiom the varie*gate»d plants found in the 2 pre)g(*nies ine)cuhiteel with 
rust race 6 we're ol'serveel in a numbe'r e)f te'steel F3 families. These 
plants, although susceptible te) the rust, diel not e*xhibit nearly as 
nigh a ele*gre(* of susceptibility as normal plants. In a fe*w instance's 
tlie\v gave a graele 6 reaction, whe*re*as normal plants in the same family 
gave a graele 10 reaction. In several instances a grade 0 reaction 
was obtaine'et in plants extremiely eh'ficient in chloropliyll. As only a 
small numbe'r of such plants we*ri> found in all of the families te'ste'd, 
the^y were ne)t inclueled in the* ratios. 

Rust Race 17 

The* F2 hybriels inoculate*el with rust race 17 se*gre*gateel in the 
same} manner as those inoculateel with race 12, anel gave gooel fits to a 
1:2:1 ratio (table 4). 

Twe'lve* F2 homozygous resistant familie's (table 9) bre'd true for 
re^sistance in Fg. Thirty-nine heterozygous fainilie*s which sliowed 
an inte*rmediate re*action in Fo, se'gre'gafenl into 3 resistant plants to I 
susceptible, although the'oretically the se»giegation she)uld have been 
identical with that e>f the F2, i. e., 1 resistant plant to 2 int(*rme*eliate 
to 1 pusceptible. The deviation from this ratio was nonsignificant 
since the value of x ^ was 0.103, indicating a good fit to a 3:1 ratio. 
Two grades of resistance (fig. 7, A and B) were noted (table 9) as well 
as 2 grades of susceptibility (fig. 7, C and D). More plants W(*re 
found in the 0 resistant grade than in grade 2; also, a larger number 
of plants were found in grade 7 susceptible than in grade 8 to 9, 

It is believed that the failure to obtain a 1:2:1 segregation in the 
heterozygous families was due to a lack of the proper environment for 
the maximum development of the rust fungus. Only 86 of the 387 
susceptible plants in the heterozygous resistant families (table 9) 
gave a gra<le 8 to 9 reaction instead of a grade 10 as they did in tlu* F2 
(table 4). The same is true in the homozygous susceptible families, 
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where of a total of 897 plants, only 342 were rated grade 8 to 9 in 
susceptibility. It is assunioil that if conditions had been optimum 
approximately two-thirds of the resistant plants in the heterozygous 
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23 homozygous susceptihhi families bred true for susceptibility, but 
the plants fell within 2 classics (table 9). 

Table 9.- Reaction to physiologic race 17 of F-a families descended from Fo plants 
that had been inoculated with the same race 
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Till' F3 inoculations were coniluctcil at two iliflcicnt periods during 
the winter of 1939 -40. Environm<*ntal conditions were less favorable 
when till' first set was made than when the second set was made. The 
results, especially in the resistant class of the heterozygous families, 
clearly inilicated this difference. In the first inoculations the results 
showed that of a total of (540 resistant plants, 625 fell within grade 0 
and 15 within grade 2. Of a total of 543 plants, in the seconil inocu- 
lations, 136 fell within grade 0 and 407 within grade 2. 

To study further tlu* reason that the intermediate F2 class failed to 
segregati' in a 1:2:1 ratio in F3, 2 untested F2 families and 1 1 more F3 
families from tested F2 lines that had produced an intermediate re- 
action weie inoculated with race 17. The results are shown in table 
10. The environmental conditions were slightly more favorable 
than when F3 plants were tested earlier (table 9) ; however they were 
not os favorable as w'h(*n the first F2 families were inoculated (table 4). 
The data pre.sented in table 10 do not appear to be sufficiently con- 
sistent to be interpreted on the basis of a one-factor pair difference. 
In progeny 1228-4, the intermediate class was slightly more resistant 
than the F2 progenies listed in table 4. Two grades of susceptibility 
were produced, whereas in the earlier tested F2 plants only a suscep- 
tible 10 grade was noted. On the othia- hand, if the plants in grade 3 
are regarded as resistant F2 progeny 1228-5 segregated in a 3:1 ratio. 
It is likely that the plants in grade 3 might have shown an intermediate 
reaction under a more favorable environment. Furthennore, it is 
possible that part of the plants in the 0 grade may have been geno- 
typically intermediate in reaction but failed to reach that degree of 
(ievelopmeut because of the unfavorable environment. On the other 
hand, environment alone may not have been responsible for the 
variability, but the reaction may have boon influenced by certain 
modifying factors. 
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Table 10 . — Reaction of Fj progenies and Fa progenies descended from prevwuslg 
tented plants which had shown an mtermediate reaction (grade S-6} to physio* 
logic race 17 
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Four hundred ninety-seven F3 plants derived from previously 
tested Fj lines that had given an intermediate reaction were inocu- 
lated (table 10) with the result that 132 were found to be resistant, 
254 intermediate, and 111 susceptible. If th(( plants in grade 3 are 
considered as intermtsdiate in reaction then the total x'* value of the 
individual families for a 1:2:1 distidbution is 14.278,'® which .shows a 
good fit for this ratio. The x* value for the total population (2.023) 
also proves a good fit. The intermediatti class showed a higher 
degree of resistance than did the earlier tested Fa plants (table 4), 
which was assumed to be the result of the environment. In the 
previously tested F3 progenies (table 9) a considerable number of 
plants in the families that gaVe an intermediate reaction in F2 showed 
a grade 2 reaction. Many of these may have given an intermediate 
reaction under more favorable environmental conditions. Classi- 
fication was difficult because of the similarity Ix'tween these plants 
and those in the 0 class. 

The susceptible plants wexe divided into. 2 groups, the majority of 
which fell within the 7 to 8 grade. Many, if not all, of these plants 
might have attained a higher degree of infection had conditions been 
more favorable. On the other hand, minor or modifying factors may 
also have been responsible for certain of the plants not attaining thie 
degree of infection that was shown by the Fa plants. These same 
factors may have been the cause of the failure of the Fj intermediate 
class of previous experiments to .segregate in the expected 1:2:1 ratio 
in F3. 

DISCUSSION 

v,^ data pre.sentod in this study that in the bean 

hybrids investigated a single genetic factor is involved in the inheri- 
tance of resistance to physiologic raens 1 and 2 of bean rust, and that 
more than one factor may govern such inheritance to races 6, 11, 12, 
and 17. It is also shown that the factor for resistance is dominant 


” 6-percont point* 33.024 
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in the hybrids inoculaU^d with races 1, 2, (>, and 12, and incompletely 
dominant in the crosses inoculated with rac(».s 1 1 and 17. 

No. 780, the less susceptible of the two parc'iits of the crosses inocu- 
lated with race 11, (‘xhibited (table 2) a grade* 6 reaction (fig. G, A), 
wh(*r(Mis Pinto, the more susceptible parent, showenl a grade 10 reaction 
(fig. G, B). In the F2 generation, the plants in the homozygous 
resistant class were less susceptible (fig. G, C) than No. 780, then^by 
indicating a transgressive s(‘gregation. 

The inh(*ritanc(‘ of resistance* to rac(*s G, 11, 12, and 17, as previously 
mention(*d, may be gov(*rn('.d by more* than a single g(*ne eveni though 
the F2 r(*sults indicate* a single*-factor diire*rence. Although it is 
possible that the lack of infe*ctie)n among the chlorophyll-eleficieuit 
plants moculate*el with race* G e*oulel be e‘xplaine'd em a purely ph3^sio- 
le)gical basis, it is also lik(*ly that this phenomenon may have bee*n elue 
lo minor or modifying fae*tors. 

An F 2 pre)geny cle)se*ly re*lateel te) those* that W(*re‘ earlie*r ine)culate*el 
with race* 12 was late*!' ine>culate*el with the same rae*e* and a wide range* 
of re*sislane*e* anel susce*ptibility was note*fl (table* 7), although e)nly one* 
t 3 ’^])e‘ e)f re\sistance was e)bse*rve‘el in the first te*s(. Alle)f the he)me)zyge)us 
resistant F^ plants ine)e*ulate*d with rae*e* 12 , as we‘ll as the iWistant 
plants e)f the het(*re)Z 3 ^gous ivsistant faniili(*s, elid not br(*e*el true for 
the same* t^^pe* of r<*sistance* as she)wn in the Fo plants (table* 3 ) but 
exhibit e'el a greate*r range of re*sistance*. Similarly, the hemiozj’gous 
susceptible* Fj plants eliel ne)t bre‘e*el true* in every case* in the F 3 for 
the* type of susceptibility e‘xhibite‘d in Fo (table*s 3 anel G). Like*wise, 
not all of the plants in the he)me)z\'ge)us re‘sistant familie*s ine)culate‘el 
with race* 1 1 bre‘el true* fe)r the* same type e)f re*sistance‘ as shown by the* 
Fj plants (table* 4), Some* but not all e)f this variatie)n may have be*e*n 
cause*el by e‘nvironme*nt, anel mineu* modifying facteus may have be*e*n 
re*sponsible* te» some* e*xte*nl. Why these type*s of resistance* anel sus- 
e'e'ptibilitj" were* ne)t reH*e)gnize*el in the e*arlie*r ineiculate*el F 2 plants is 
difficult te) e*xplain. It is ])e)ssible* that an e*xacting e‘nvironme*nt not 
thus far re*e*e)gnize*d is e*ssential fe)r their pre)eluclion. The‘re* is like*wise* 
a ])Ossibility that a maje)r gene may^ inhibit tlu'ir pre)eluction uneler 
me)st e*e)nelitions. 

The twe) graele's of suse*eptibility re'e*e)gnize*el among the* susceptible 
plants as we*ll as the* variability in the plants she>wing an inte*rme'eliate* 
roae*tmn when inoe*ulated with race 17 (tabli*s 9 anel 10 ) probably 
resulte*el from a e*ombination of me)elifying ge*ne*tic factors anel envi- 
ronmental influence's, 

The'se stuelie*s she)we'el that environment probably playe'el an im- 
portant role, a,s re*garels its influence bothem the he)st and on the fungus, 
and this may explain, in part at least, why many^ of the* readings taken 
unde'r e)ne* set of e*e>nditions diffe're*d from those take'ii unele*r ane)the'r. 

Hybriels inoculated with races 11 and 17, gave in F2 (table 4) a 
ratio of 1 re*sistant plant to 2 intermediate to 1 susce*ptible. The* 
plants that showed an inte'rnK*eliate reaction to race 1 1 in F2 se*gregateel 
in a similar rnannc'r in F3 (table 8), whereas the plants in the same edass 
inoculate'd with race 17 under the same environmental conditions 
se'gregated in 3 resistant plants to 1 susce'ptible (table 9). When the 
inoculations with race 17 were made under more favorable conditions, 
the intermc'diate class segregate'd in a 1:2:1 ratio in F3 (table 10) as 
expected. The intermediate class, liowever, shifted from a grade 
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5 to 6 rating (table 4) to a grade 3 (table 10), and the susceptible class 
from a grade 10 rating (table 4) to grades 7 to 8 and 9 (table 10). This 
suggests that because of the unfavorable environment those plants that 
should have shown an intermediate reaction in the earlier F3 tests 
appeared quite highly resistant and were classified with the homozy- 
gous resistant plants. The combination of these two classes compared 
with the homozygous susceptible class gave a 3:1 ratio, which indicates 
that the environment may definitely affect the results and may play a 
more important role with some races than with others. 

These data have convinced the writers that certain uncontrollable 
differences in environment, even though slight, may be sufficient to 
shift the degree of infection into lower pades than would normally be 
expecited. It was not deemed advisable to adhere at all times to an 
arbitrary standard of classification. It has been necessary to take in- 
to account all the factors that were known to influence tile results be- 
fore assigning infected material to the different classes. The writers 
believe that these records of actual occurrence may b(^ of benefit to 
other investigators who may note similar phenomena in their 
experiments. 

It is not known how many of the 11 grades used in classifying tlu^ 
degree of resistance and susceptibility may be governed by a single 
gene. Three general classes have been recognized, that is, resistant, 
intermediate, and susceptible, and within these other subclasses were 
noted. 

It should be remembered that the results presented herein deal only 
with the inheritance of resistance in the seedling stages of growth 
under greenhouse conditions. Earlier studies by Stakman (/-$?), 
Melchers and Parker {10), and Hayes, Stakman, and Aamodt {8) with 
the stem rust of wheat showed that certain vai'ieties and hybrids of 
wheat in the seedling stage showed relatively high susc(‘ptibiri<y und(‘r 
greenhouse conditions but considerable resistance as adult plants in 
the field. It was also shown by Goulden, Neatby, and Welsh (4) that 
resistance in the mature stage was inherited indcpemltmtly of seedling 
resistance, and they concluded that the two types of resistance are 
distinct. Levine and Smith (9), working with races of oat rust 
(Puccinia graminis avenue Eriks.), found close agreement in the 
reactions of seedling and maturing plants.^ This phase of tln^ bean 
rust problem has not been investigated, but observations hav(* indi- 
cated that many varieties susceptible in the maturing stages in the 
field are equally as susceptible in the seedling stage in the greenhouse. 

At the present time relatively few commercial varieties of either 
garden or the field types are resistaia to many of the races. 
However, there are a few that have shown a high d(‘gree of resistance 
to a number of the races thus far described. The writers have em- 
pJwed some of these varieties in certain crosses, and a number of 
hybrids resistant to 17 races are now being developed. 
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Jour different crosses involving six varieties or strains of beans 
fhf of bean rust were investigated to determine 

to"” 2 , 1 1^12 S 17 involvvxl 
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Results proved that resistance to races 1 and 2 in the bean hybrids 
investij2;ated was due to a sinjijle Mendelian factor. Possibly other 
genetic factors may be involved in the resistance of the hybrids 
inoculated with racc'S 6, 11, 12, and 17 . Resistance was shown to be 
dominant in tin' hybrids inoculated with races 1, 2, 6, and 12, and 
incompletely dominant in those inoculated with races 11 and 17 . 

Severely variegatc'd plants ino<‘ulat('d with race 6 showed immunity, 
whereas those mildly variegated showed a lessc'r degree of suscepti- 
bility than normal plants. This may have been due ('ither to the 
physiological behavior of tlu' host and tin* fungus, or to modifying 
genetic factors, or to a combination of these. 

It is possible that a major gem' may govern resistanc(' within grade 
0 to 4 in the hybrids inoculated with races 11 and 12 , and a similar 
factor susce[)tibility within grade 5 to 10. Minor modifying factors 
may b(^ responsible for tlu' variabh* degn'cs of resistamu* and suscc^pti- 
bility found within the major <‘lass(»s. 

All F2 liiu' related to thos(». progenii's previously inoculated with 
race 11 showed S('veral classes of resistanci' and susceptibility not 
previously observ(‘d, which explains in part at h'ast the reason for 
th(‘ pr('S('nc(' of these* variable classes in F3. 

Transgressive* segri*gation occurred in the hybrids inoculatt'd with 
race 1 1 since one-fourth of the* Fo plants showed more* resistance than 
the less susce'ptible* parent. 

The results with the* F3 progenie*s inoculate*(l with race* 17 show'e*el 
that e*nvironine*nt exe'reised seune* influeuice* on the* elegive* of infe*ction 
in the* interme*diate* e'lass. l-nele*!* an unfavorable e*nviremme'nt the 
plants appe*areel re'sistant and se'givgated in a ratie) of 3 re*sistant te) 1 
susceptible*, wiu'reas uneler me)re' favorable* conditiems they s(*gre*gateel 
in a 1:2:1 ratio. 

The*se elata ele*al only with the inhe*ritance of re'sistance* of se*e*elling 
plants grow n uiule'i* girenhouse (‘emelitions. 
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IODINE IN RELATION TO PLANT NUTRITION' 

Jiy J. C, Lewis, asmstant chemist^ tinri W L. Powers, SoU Scu^nitst, Oregon 
AgncnUuml Kxfwriment Station - 

INTRODUCTION 

Altli()ujj:li in vest ions dc'nlin^ with tlu' (‘fU'uts of iodine on ])lant 
growth hav(* h(‘en n'portiul ov(*r a period of some 40 years, tin* (‘xact 
relation of iodine to plant nutrition remains to he didermiiual. Inti^est 
in this problem is augnienled by the imporianee of iodine in animal 
nut rition. 

Tln‘ writers’ approach to tlu‘ problem of the ini[)ortance of iodim* in 
plant nutrition has involved two distinct lines of study. First of all, 
critical experiimuits dealing v\ith the (juestion of the essential nature 
of iodifie in jilant nutrition have becui conductial. Th(‘ knowh^dgi* 
as to w’hetluu* ociaisional stimulations of j)lant growth by iodine 
additions to soils an- due to th(‘ nauedying of a dcficiiaicy of an 
t*ss(‘ntial nutriiait or to sonu* se(*ondary idlVct of itxlim* is of prime 
im])ortance to a rational consideration of the probhan. A second 
liiK' of apjiroacli has been based on th(‘ assumption that ri^sponses to 
iodiiu* additions to soils are most likely to Ix' found in regions whore 
simple goitia* is taulemic. Oregon is in such a region 

REVIEW OF literature 

Several invi'stigators (/.^, 21, 22)^ havi' obtained stimulations of 
plant growth from additions of iodiiu* to sand and solution cultures. 
White* {2S) found that iodine, as well as manganese, zinc, and boron, 
appears to be* (*ssential for the* growth of excised tomato roots. Nunua- 
ous failures to obtain stimulations by nontoxic additions of iodine- 
biairing compounds to sand and solution cultures have* also be*en 
re*port(‘d If)). leieline* l(*ve*ls eif the* orde*r of 1 or 2 parts p(*r 

million are ge*ne*rally toxic to higher plants, exce‘pt haleiphytes. 

Orowth re*spemse*s of micro-organisms to iodine tre*atnu*nts have 
also been report eel, Seve*ral weirkers have imported stimulation of 
Azotobacter chroovoccutn (6', /O, 21), Snechannyijfces C(nrlsia(' (7, 10), 
and liacilhis subtllln {10) by iodine treatments. Ishikawa (.9), how- 
ever, found that the activity of proteolytic bacteria was represse*d bv 
as little as 20 p. p. m. of ieuiine. These effects W(‘re* obtained witli 

• foi puhlk'juion Foliruan lU. UUl '1 he inveMigat urns herein revuntetl were earned out as an 
\<latns project The tlaia are taken fioin a thesis presenteil by the senior author to the facult.\ of the Oradii- 
ate School of Orejjon State (’’olleK** in partial fulfillment of the reriunements foi the dejziee of doetoi of plnl* 
osophy. Published a‘i 'reehnieal Paper No. :i74, e mtnburion from the Soils Depariinent 

» Thi' authors triatefully acknowleiiue the cooperation of Or J H. Haae in furinshin}» facilities for iodin<‘ 
determinations, and of Or W\ B Pollen and Or C P lleuaity in fuinishmn facilities for the micioluolojf* 
leal w-ork 

3 Italic number.** m fiarenthese.s refer to Liteiature Cited, p. 6116. 

* Keoeimhal, L O. the hole ok iopine in plant M’TKiTiON. r>0 pp. Minneapolis, Minn 1929, 
(^'hesi8, Minn. Univ.l 
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iodine coiiccntraiions well below the toxic levels, since for micro- 
organisms relatively high concentrations are n^qiiircd to produce 
toxic effects. Such growth respons(‘s iwo to be distinguished from the 
stimulations freqiu'iitly given by poisons at concentrations just below 
toxic levels. Thus Branham U) inv(‘stigated lb antiseptics, including 
tincture of iodine, au<l found that most of them had a stimulating 
effect at sublethal con ce'utrat ions. Tin* latter phenomenon is related 
to the irritability of protoplasm and must be carefully distinguished 
when the c| nest ion of the (‘ssentiality of a iiutTitivo factor arises. 

Since (‘Ven in solution cultim^s the reasons for growth responses to 
iodine additions ar(‘. not clear, it is not possible at present to interpret 
satisfactorily the n'sponses sometimes obtained wlien iodine is added 
to soils. Nurnei'ous cases of growth n^sponsc^s are recorded. Not all 
of th('S(‘ ('xj)eriments may be dismissed as l)eing statistically unre- 
liabh^ As would be expected, tlnn-e are also numerous ie])orts of 
failures to obtain ri'sponses. The effects of iodiiK^ tn^atnn'nt of soils 
on ])lant growth and on the iodiiu^ cont(‘nt of plants, as well as the 
distribution of iodine in nature, have been reviewed by Met^h^ndon 
(lo) and others 17).^ 

THE QUESTION OF THE ESSENTIAL NATURE OF IODINE IN PLANT 
AND MICROBIOLOGICAL NUTRITION 

MATERIALS AND METHODS 
Analytk’al Methods 

The analytical methods employed varied with the type of mat(‘rial 
to be analyzed and the anticipated iodim* content. Water samples 
were evaporated under alkaline conditions, followed by low t(»mpera- 
ture potassium hydroxide fusion. Soils and high-io(line plant ma- 
terials w(U'e fused with potassium hydroxide. Low-iodiru* plant 
materials were burned in the Kolnitz-Remington (11) oxygen torch. 
The gases were absorbed in alkaline solution, the solution ('vaporated, 
and the residue fused with potassium hydroxide'. Iodine was re- 
covered by the distillation method of Bratton and McCh'iidon (^), 
followed by bromiiu* oxidation and thiosulfate titration. In some of 
the earlier analyses, iodine was recovt're^ by alcohol (extraction of a 
j)otassium carbonate paste (8) or a saturated solution of potassium 
carbonate (18), 

Nuiru'rous blank determinations were run as a pnecaution against 
the (evc^r-prc'sent dang('r of iodine contamination. The iTsults from 
thc'sce blanks were usually small in cornjiarison with the actual de- 
terminations. The recovery of iodide added to hay samjik'-s was 
found to vary from 90 to 100 pcrccmt. The analytical figures pre- 
sented are usually tlui average of two or more determinations. 


PuHiFir^TiON OF Nutrient Chemicals 


The only report found in the literature of a cultural medium 
especially designed to contain a minimal amount of iodine is that of 
Stoldasa He gives no details of his purification methods beyond 

the implication that the nutrient salts were purified by recrystalliza- 


• Karns, G. M, thb relation or iodine to plant growth. 
report of the Mellon Institute of Industrial Research.) 


13 pp. Pittsburgh, (Mimeographed 
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lion. Stoklasa’s analys(‘s of plant matorialft grown on his medium 
sliow a substantial iodim* content. The writer's’ analyses, j)r(‘sented 
in table 1 , (*mphasiz(‘ the neec^ssity for purifying e(‘rtain of th(‘ nutrient 
chemicals. 

Since litth* evdd(*!ic(‘ was availabh* as to the (*fficiency of removal of 
iodine compounds from nutrient salts by recryst-allization, mon* posi- 
tive purification methods w(U‘e sought foi* use with the n(‘cessary 
nutrient chemicals. Wlicue possil)](‘, th(‘ maximal iodine content of 
the chiunical after purification was aj)proximat(Ml by studying the 
rate of removal of iodine during the purification procedure. Thus 
in tlu' purification of dipotassium phos])hat(*, a saturated solution of 
th(' salt was reptaitedly extract(‘(l with (‘thanol. The ])rogrt‘Ss of 
iodine removal was followed by analys(‘s of the sucr*('ssive alcohol 
extracts. 

It is estimat(‘d that tin* proccalures follow(‘d ar(‘ suflici(‘ntly (‘flective 
to reduce th(' iodine contcuit of th(‘ major nutrient cheinieals to b(‘low 
1 j)art per billion; that of water to b(»low 0.001 p. p. b. The n^sulting 
nutrient solutions should hav(* an iodim* content of tlie ord(‘r of 0.001 
]). p. b. Such chemicals and solutions are h(‘n‘after refeJT(‘d to as 
“iodin('-fn*e.” 


Tahle 1. Ihr approx iinaic iodine conienl of some chemicalh^ pare chemicals and 

olhci sabstonces 


Chcinical 

j lodino 
i content 

/ Chemical 

Iodine 
' content 


}UT 

(“■ “ 

1 ■ 

, J*(nh< per 


, hillwn 

j 

. bill wit 

1 )ip()tassiuni jiliospliatr 

2.'. 

1 Mapnesium sulfati' ... 

IH 

Mdiiopota^^Muiu piujsphaio 

' Id 

l| Ferric tartrate 

j 100 

Phosphoric acid 

1 2 5 

(, Animoiiium hydroxide, on the basis of 


Potassium carbonate 

2h 

content . . 


Potassium h.xdroxidc 

i l.'i 

; Sucrose, lioiisehold 

; 

Potassium siiltatc 

2r» 

1 , Starch, household 


Potassium nitrite 

3, hot) 

Acetone 

1 s 

Sodium nitrite 

j 2<M» 

1 Fthauol . 

' o 

Sulfuric acid 

1 2 

’ ('arbon tetrachlondi* . ._ 

1 ‘'-i 

( 'alcium sulfate 

j MO 

j f'arbon dioxule, compressed technical 

1 

Calcium h><lro\ide, technical prade 

1 r.o 

j! pradc, on the weight basis 

' ' 2 

t^alcmm cartionate . . 

1 1,000 

I ; Water. Corvallis tap 

1 Water, laboratory-distilled . 


ralcium lactate 

1 l.(KK) 

(Miri 


1 

1 

1 1 Water, redist died fi om alkali carbonates 

< . 001 


iJipotasfilvrn phosphate and potassium ear honaU A saturated solu- 
tion of th('. salt was extracted rep(*at(*dly with iodine-frtn* ethanol 
pr(‘pared as d(»scribed bedow. When analys(‘s of the extracts showed a 
reduction of the iodine content of the salt to less than 1 p. p, b., the 
solution was boiled for 30 minutes with 0.1 percent of hydrazine 
sulfate to reduce iodates. After reextraction with ethanol, the 
solution was evaporated to dryness and heated to destroy excess 
hydrazine. 

Sulfuric acid. — Th(» acid was boiled to about two-thirds of the orig- 
inal volume. 

Calcium sulfate^ magnesium sulfate, and ferric sulfate.— The finely 
divided salt was suspe^nded in two times its volume of cliemically 
pure sulfuric acid and boiled to dryness. 

Ammonium hydroxide . — Ammonia was purified by distillation from 
potassium carbonate, bubbling through potassium carbonate solution 
in a series of gas- washing bottles, and absorption in iodine-free water. 
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Nitric acid, — Cli('rni(*ally puro nitric a(*i(l was ropc'atocily (Ustilh'd 
from barium nitrate, only tlic midfraction Ix'in^ saved. Acid sevt^ral 
years old was usi^d to ensure complete conversion of iodides to iodatc'S. 
Owing to the difriculty of (hdermining traces of iodine* in the* pn^sence* 
of large amounts of nitra.t(*s, this purification procedure could not lx* 
critically checked. 

Sac/oW. The method of Harvey (8) involving r(*peat(*d recrystal- 
lizations from etiianol was folkweel. 

A7/mA/o/. - Etlianol w^as readily freed from iodim* compounds by 
distillation from potassium hydroxide after an initial refluxing period. 
The (*thanol us(*d for cultural purposes w^as redistilled. 

Water. I^urification of ordinary distilled wat(*r wuis a(*(*()mplish(*d 
by redistillation from alkali carbonates in a pyr(*x glass still. 

Ctiltural Methods 

Two groups of exp(*riments were (*onducted wdlh high(*r plants 
The culture solutions used in the first group W(‘re i>repared from ordi- 
nary chemically pure salts aixl ordinary (listilled wat(*r;only nominal 
precautions wore taken against iodim* contamination. Th(*s(* (*xp(‘ri- 
nx'uts are ref(*rj‘ed to her(*aft(*r as ^^pr(*liminary.” The solutions us(*d 
in the second group of experiments were prepar(*d from the sp(*cially 
purifit'd salts and redistilled w^ater, and rigorous pr(*(‘autions w(‘re 
taken against iodine contamination. 

The basal nutrient solution used in the preliminary experiments and 
tlx* cultural corxlitions have been described (*lsewh(*r(‘ Jn all 

of the cultural work iodine treatm(*nts were add(*d as potassium 
iodide. Stoix'wan* ami mason jars Avere us(*d as cultural v(*ss(‘ls. Tlx* 
seedlings, after germination in washed cpiartz sand, wen* transferred 
to the cultural solutions. Th(*y w(*re held with tufts of cotton in 
varnished jdywood cov(‘rs. 

The nutrient solutions used in the s(*coml grou|) of expi'rinx'Uts w(*r(* 
prepared from iodine-frei* nutrient clx*mica)s and redistill(*d wat(‘r. 
Tlx* chemically pure salts used for supplying rniix)]* ('lenx'iits w(*r(* not 
subjected to purification pnx'edures. Tlx* nutri(*nt solutions had tlx* 
following composition: Calcium sulfate, ().()()2 M; magnesium sulfati*. 
O.OOl M; dipotassium ])hosphate, 0.002 M.,; ammonium nitrato, O-GOo 
M ; boron as boric acid, 0.5 p. p. m. ; mangarx'se as sulfate*, 0.5 p. p. m. : 
zinc as sulfate, 0.05 p. ]). rn. ; copper as sulfate, 0.02 [). p. m.; and molyb- 
denum as ammonium molybdate, 0.05 p. p. m. The pll was adjusted 
we(*kly to 5.5 to 0.0 with ammonium hydroxide* or nitric acid. Iron 
was aelded as fe*rric sulfate at the rate of 1 p. p. m. ev(*ry 3 days during 
the early growth stage*s and we(*kly during tlx* late*r growth stages. 

The success of such e*xperiments deperxis on careful precautions 
against contarninatiein of the reagents, nutrient solutie)ns, ami plants. 
In the case of iodine this is espe*cially important be*cause of its wiele* 
distribution. The* glass culture* vesse*ls, glass-stoppe*re*d bottles use*el 
for storing reagents, and pipette»s aixl graduate*d cylinelers used in 
preparing the se)lutions we*re thoroughly soaked in acid cle*aning mix- 
tures and rinseel we*11 with iexline'-free wator. The inte'rfcTence of 
iodine contamination of the solutions was rexluceel as far as possible* 
by avoieling force*d aeration and by using concemt rated, infrequently 
rcnewxxl culture solutions. 
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Tho mrdiuin used for the riiltun^ of Azotobacter agiU was prepared 
from iodine>fr('e salts, and preeaulions wx're taken against iodine con- 
tamination. The medium had the following comjiosition: Magnesium 
sulfate, 0.0084 M; dipotassium phosphate, 0.0019 M; calcium sulfate, 
12 p. p. m. ; f(‘rric sulfate, 5 p.p. m. ; boron, manganese, zinc, coppcT, and 
molybd(‘num as givcm above; potassium carlxmaU* to ])H 7.0; and 
(‘thanol, 1.1 perc(‘nt bv w(‘ight. The inorganic constituents w^ere dis- 
solved in iodine-frt‘(‘ wat(T. Alicpiotsof 140 ml. w(Te distributed into 
7)00 ml. P]rlenmev(‘r flasks, which wer(‘ stoppered with cotton and 
autoclaved. Ethanol was asepticaJly pipett(‘d into the flasks after 
sterilization. Tin' invc'rted-sucrose medium used in the [ireliminary 
experiiiK'nts had a similar inorganic composition. 

EXPERIMENTAL RESULTS 
PuEiaMiNAKY Plant Experiments 

A number of pn'liminary experiments w i're conduct (‘d with ordinary 
c. p. chemicals and tap or distilled water to deti'rmine tin' (‘fleet of 
addt'd iodiiu'. Tin' n'sults obtann'd in certain of tln'se ('xpi'riiru'nts 
an' reported in tabh' 2. 

Table 2. Yield and iodine content of corUy hnrley^ and head lettuce grown in 
unpunfied , solution cultures containing sniall quantities of iodine 




('orn 

Barley 


Head lettuce 


Iodine added to 
soluUoii (p p m ) 

1 M can drj' 

j Frae- 
lodine , turn of 

Mean ■ Iodine 

1 Frae- 
1 turn of 

Mean 

! 

Iodine 

Frac- 
tion of 

1 weifiht ol 

eonteiil, added 

Ijreen ieontenl, 

! added 

gnH'ii 

content/ 

added 


1 tofKs at (ill 

dr> 1 iodine 

weight at dr> 

1 iodine 1 weight at 

dry 

iodine 


1 day^ 

biLsis , ab* 

00 days 1 basis 

ab- 

00 days 

basis 

ab- 


i 

sorbed 

j 

, .'?orlH*d 


1 

.sorbed 


1 Grams 

1^ p m 1 Percent j 

Grams \J* /> m 

I^ercent 

Grams 

P u m ! Percint 

1) 0 

1 17 2±2 0 ! 

1 (1 on i 

2t» 8=t2 5 , 0 20 

, 

14 4dr2 1 

‘ 0 27 1 


1) Of) 


1 1 

24 0i:3 .n 1 15 

24 

51 Sdr7 0 

1 
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II Id 

1 U Od.1 8 1 

8 0 i 11 , 

Zi 8±2 1 1 10 

1 

49 9±ti 0 

8 7 i 

.5t» 

0 •2r^ 


1 ' 

^2.5 9 i 90 

1 32 

59 ldr7 0 

18 i 

58 

0 .')() 

1 11 S-ll 8 1 

i .W , \A ! 

*20 8 j 100 

! 

55 Irb4 7 

39 i 

59 

1 

1 9 9:i: 1 5 I 

88 i 8 1 

(*) 1 

- 

i 

38 7rt4 0 

05 1 

31 

f) 

1 2 2X1 4 

430 2 ! 

' 
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‘ Duplicate analyses were not iim<le lieeause uf insufficient plant material 

Mean of 3 luinp plants. 3 plant.'' dead. 

^ Mean of 5 liMiij; jilants, I i»lant dea^l. 

♦ All plants dead 

Additions of potassium iodide ('quivalent to 0.1 to 5 p. p. m. of 
iodine deprt'ssed the growth of corn (Zta mags), A concentration 
of 1 p. ]). m. of iodint' d(*pri'ss('d growdh by approximately 50 perct'nt, 
whih' 5 p. p. rn. was vt'ry toxic. The abovt' culture solutions w^ere 
made up with tap watt'r in nt'w glazt'd stoneware crocks. 

In a similar experimc'iit with barley {Ilavdevm tulgare), in which 
solutions made up wdth distilled water in glazed stoiK'wnirt' crocks 
w(‘re used, no stimulation was obst'rvixl over the rangt' of 0.05 to 1 
p. p. m. of added iodine. A conctmtration of 0.5 p.p. m. of added iodine 
was definitely toxic; 1 p. p. in. was lethal. 

Another ('xperirnent with barley was made to determine the statisti- 
cal significance of the results from the addition of 0.05 p. p. m. of iodine. 
The cultural solutions w('re prepared with distilled wat(T. Eighteen 
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1-qiiart mason jars wore used for each treatnn^nt. The mean dry 
weight of the tops was 0.422 ± 0.033 gm.® for the control solution as 
compared with 0.457 ± 0.025 gm. when 0.05 p. p. rn. of iodine was 
added. Th(‘ diflVrcuice is not statistically significant. 

An expcTiment was made with head lettuce {Lactuca sativa)^ grown 
in glazed stoneware crocks in solutions made up with distilh^d water. 
Iodine was added at rates of 0.05 to 1 p. p. m. (table 2). The control 
plants were inferior to those treated with 0.05 to 0.5 p. p. m. of added 
iodine. The plants treated with 1 p. p. m. of iodine were slightly in- 
ferior to th(‘ controls. While the responses to individual iodine treat- 
ments ar(' not statistically significant, if the iodine treatments from 
0.05 to 0.5 p. p. m. are grouped, a slight response to added iodine 
appc'ars to have been obtaiiuHl. The control treatme^nt was applied 
to six plants, the other treatmeuit to four plants each. 

In another experiment, head lettuce w^as growm in l-quart< mason 
jars in solutions made up with distilled water. A treatmtmt with 
0.25 p. p. m. of added iodine was compared with the control solution. 
No stimulation was observed. Furtlier work with head hdtuce in 
stonewnire jars failed to show any stimulation resulting from the added 
iodine. 

Table 3. The calculated iodine content of the control solutions used hy several 

investigators 
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1 Fresh -vveinht basis, 

2 See footnote 1 . 


Iodine analysers w(‘re made of ci'rtain plant materials grown in the 
above-described experinK'nts. In general, the iodine content of the 
plant material was greatly increased in the pn^sence of added iodine, 
the iodine cont(»nt being 'more or less linearly related to the concen- 
tration of added iodine. By assuming tliat plant material grown in 
the complete absence of iodim^ in the solutions would be essentially 
iodinefree, and assuming further that the linear relation of iodine 
content to iodine concentration holds at low iodine concentrations, 


® Thu standard (‘rror of the meaii is used in this paper. 
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it is possible to (estimate the iodine concentration in the control solu- 
tion from the iodine content of plant materials grown in the control 
solution and of mati'rials grown under otherwise identical conditions 
in the presence of known concentrations of iodine. The data on 
which three s(d;S of such calculations are based arc^ presented in table 2. 
The appar(a)t iodin(«s content of the control solutions, as well as the 
results of similar* calcuhitions for the control solutions of other in- 
vestigatoi-s, arc's shown in ta])le 3. The appai'ent iodine content of 
the writers^ control solutions in most cases is of the ordcT of 1 p. p. b. 
The uni)urilitHl solutions show lower iodiiui concentrations than the 
control solutions used by the other inve^stigators cited. 

Two possible soui’ces of err*or may affect the above calculations. 
In the ffrst place, the lin(‘ar relation bc^twc'en iodine concentration in 
the solution and iodine content of the plant material may not hold at 
low iodine conccaiti'ations. Jn geiKTal, the error would be expected 
to be greater, tluj givater th(‘ difference between the iodine concen- 
trations in the known and the unknown solutions. That this source 
of eiTor is not serious in the winters’ calculations is indicated l)y the 
fact that such calculations based on three plant species grnwn in known 
iodine concentrations varying over wide ranges are in substantial 
agreenuuit. 

In the se<‘ond place, while practically all of the iodine in the high 
iodine-content plant material must have come from the solution, this 
is not iK'cessarily true of the iodine in the low iodine-content plant 
material. A substantial fraction of tlu' iodiiu' in such material may 
have arisen from atmospheric or other sources of (*ontaininatioii. 
This consideration would t(*nd to make the calculated iodine content 
of th(‘ solution a maximal value. 

Pl\nt Experiments With Pcrified Soli'tions 

Two experiments wiae conducted with tomatO(‘s (Lycoperslcum 
(sculenfiim) grown in solutions prepan^d from purified chemicals and 
redistillcRl water. (Hass culture vessels were thoroughly cleaned 
with acids, and spi'cial [mTautions wen* taken against iodine con- 
tamination. 

In the lirst (*xpcriment, nine 3-liter soft-glass battery jars bearing 
three plants ])er jar w(»re used in each scries. To facilitate statistical 
treatment, individual plants were paired on the basis of initial size. 
A treatment of 0.1 p p. m. of added iodim* was compared with the 
iodine-free control. After 05 days the plants had attaiiuH grc'cii 
weights of about 40 gm. each. No yield response to iodine treatment 
was obtained, the mean diffenmee hetween paired plants in favor of 
the iodine treatment being 0.85±1.5 gm. At this time two plants 
per jar were harvested, leaving the best paired plant in each jar. 
These plants wen* permitted to grow to maturity (104 days). Neither 
fruit, tops, nor roots showed any responsi* to iodine treatimuit. 

A second experiment was carried out in 10 shallow pyrex baking 
dishes with glass lids drilled to accommodate tlie stems of the plants. 
Six seedlings per dish were started. After 30 days the plants had 
gre(*n weights of 0 to 7 gm. each. The mean of the differences be- 
tween mean weights of jdants in paired jars was 0.25 ±0.10 gm. in 
favor of the plants grown in the presence of 0.1 p. p. m. of added 
iodine. At this time the plants were thinned to two per jar and 
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permitted to grow to the blooming stage. Tliei’e was no response of 
either tops or roots to iodine treatments after 82 days of growth. 

Sugar beets (Beta vulgaris) were gro^ui for a sliort period in purified 
nutrient solutions in soft-glass battery jars. After 3 we<'ks of growth, 
there were no significant differences between the mean weights for the 
various treatments, wliicb varied from 4.40 to 4.65 gm. Stoklasa (22) 
obtained a significant response to iodine treatment at 30 days aftiu* 
germination. 

Iodine analyses were made of various parts of tomato plants grown 
in the pn^sence and in the absence^ of added iodine. These analysers 
are presented in table 4. Tlu'y indicate that uiuh'r the conditions of 
these ('xperiiiKUits the distribution of iodine in th(‘ tomato plant was 
fairly uniform. 

Table 4. The iodine content of tomato plants grown in ^U'odine-free*' solutwris and 
in the presence of added iodine 


Iodine added 
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34 


0 10 
2J 


P p, m J* p m I i* p rn. \ P p m 

0 10 ' 1 0 10 I ' 0 JO 1 ion 

19 1 24 I 1.5 3 0 

j I l(i 2 


I Duplicate armly.ses were not made because of insutticient plant material. 


The iodiiK* content of the plant materials from th(‘ iodin<»-free 
cultures wtu*e found to approximate 100 p. p. b., and in one (‘ase with 
younger plants to be 290 p. p. b. The origin of this relatively high 
iodine content is a (question of considerable imp()rtanc(\ A calcula- 
tion bas(Ml on the volume of •nutrient solution used to produce J gm. 
of dry plant matf'rial indi(*ates that a rc'sidual iodine concentration 
of 0.001 p.p.b. in the iodine-free solutions could have contributed only 
approximately 0.5 p. p. b. of iodine to the plant matcu’ial. 

The small size and low iodine content of seeds in general scnmis to 
preclude a significant iodine contribution from this sourc(\ For 
example, a tomato plant weigliing 10 gm.’ would receive an iodine 
contribution of only 0.01 p, p. b. from uschhI weighing 1 mg. and having 
an iodine content of 100 p. p. b. 

Two iodine analysers of the greenhouse air made during these 
investigations gave an iodine content of 0.01 and 0.04 7 ^ per cubic 
meter of air. Each samph* was collected over a period of 1 to 3 montlis 
aiul therefore represents a mean air iodine content. Tin* low<»st air 
iodine content among those summarized by McClendon (15) is 0.04 7 
per cubic. m(*ter. 

After the completion of the plant experiments, large sheets of filtfU’ 
paper were siispemh'd in the greenhouse and kept there for 72 days. 
Although the amount of accumulated dust was small, the iodine 
cont(‘nt of the papiu- increased 0.5 7 per square foot. This increase 
is equivalent to approximately 60 p. p. b. of iodine. It will be noted 
that the latter figure is similar in order of magnitude to the iodine 
content of the plants grown in the iodine-free solutions. However, 
the greenho use air was not especially contaminated with iodine; in 

1 Tho mferogram (7) is O.OOi mg. 
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fact, it was rolativc^ly low in iodine on the basis of our pri'scnt knowl- 
(Klg(' of the normal iodine (‘onteiil of the atmospli('r(\ It tluuvfon* 
appears that after tin* iodine^ content of tlu' solution is reduced to some 
point below 1 p. p. b., th(‘ iodim* content of Uh^ air rather tluin tlu' 
iodiju' content, of the solution may become a limiting factor in tlie 
production of plant mat (‘rials low in iodine. 

KxPEUIMENTS with Mi(^ROOR(TANI,SAIS 

An initial (‘xperiment was conduct(‘d with repr(‘S(‘ntative bacterial 
sp(‘ci(‘s to find wliether any of th('S(‘ sp(‘ci(‘s had iodin(‘ requirements 
large (‘iiough to be det(‘cted by a simple t(‘clinique. Sp(‘ci('s of 
Bacillvf^y Pfteudornonaf^y ERcherichidy Phytomonafi^ and Aerohacter on 
r(‘peat(‘(l subculturing in iodin(‘~fr(‘e invert(‘d-sucrose nu'dium failed 
to exhibit any diminution of growtli. Treatnumts with add(‘d iodine 
at rat(‘s of 0.01, 0.1, and 1 p. p. ni. were tried as well as the iodine-free 
(‘ontrol. Subculturing was always from the iodin(‘-free control cul- 
ture. Altliough th(* calculat(‘d original iodin(‘ cont(‘nt of tlie m(‘dium 
amounted to only a f(‘W parts ])er liillion, atmospheric* (‘ontaniination 
may have rais(‘d the iodint‘ lo\A som(‘what since th(‘ pivliminary 
trials wer(‘ carried out in a bacteriological laboratory wliere the 
atmospheric iodine might be exp(‘ct(‘d to be r(‘lativ(‘ly higli. 

More int(‘nsive work was carried out on th(‘ bacterium Azotobacter 
(Kjile.^ Aside from th(‘ (*conomic importance of the Azofobacter and 
n‘ports of growth r(‘si)ons(‘S of Azotobacter chroococcum to iodine, the 
use of tins organism permits the use of th(‘ more r(‘adily purifi(‘d 
ethanol as an (uu'rgy source and the (‘limination of nitrat(*s frcmi the 
m(‘dium. 

This organism has b(‘(‘n carried for a year by p(‘riodic subculturing 
in the iodin(*-fr(*e ethanol m(‘dium without a progr(‘ssiv(‘ reduction in 
growth rate* or an appar(‘nt diminution of maximum turbidity of the 
cultun's. The culture's were k(‘pt in a room b(‘li(‘ved to be uncontam- 
inatc'd by iodine. Since the mc'dium is known to have had a maximal 
iodine conccuitration of tin* order of 0. 001 p. p. b., it sec'rns likely that 
iodine is not ('ssiuitial to the growth of Azotobacter agile in conct'ii- 
t rations great(‘r than 0.001 j). p. b. 

Tahle ^^.- Stimulation of nitrogen fixation by Azotobacter agile in the presence of 

jwtasts i u m i od id e 


Total mtro^r(*n flxiul p<‘r flask after- - 


loduH- added (p. j) in ) 



1 .3<la>s 1 

1 5 da.v s i 

! 8 days j 

15 da>s 

0 

AfUfigram 

1 

I Milhyrn ni 

Milltgrfim 

Shfhgra rn 

3 52dL0 1 

\ 12 SdrI 0 

25 3=L0 9 I 

2(> IdrO 0 

0 01 . 

4 7I± 21 

10 7± 7 

24 7± 0 1 

25 0± 5 

0 1 

5 33± 22 

IH 7± S 

27 l± 2 1 

27 3d- . 2 

J 

a 70 1 1 

17 4± 4 

20 0± 5 , 


50 

4 40 

17 2:i- 2 1 

25 Irt 0 ; 

27 Od: 4 


Under certain conditions, a stimulation of growth of Azotobacter 
agile in the piTscnice of aclded iodide's was obst'rved. In gt'iu'ral, 
growth rate wuis stimulatc'd wdiile the maximum turbidity was little 
affected. Tin* results of a typical expt'rimc'Ut art' prt'sented in table 
5. Apparently such results are due to the action of iodine on toxic 


^ The oriKinal culture of this organism was obtained b> Dr C. P. Hogarty from Dr. W. \V. Umbreit of 
the I'liiversity of WisiH,nsin. 
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constituents in the medium rather than to an (‘ssential nature of iodine 
in the nutrition of the orp^anism. 

Experiments now in proginss indicate that iodides antidote the 
toxic action of coppt‘r on Azotobarter agile, Tims in the presence of 
1 p. p. m. of copper in the substrate, maximum ginwth was aclueved 
in the presence of 1 and 10 p. p. m. of iodine before any growth was 
apparent in the controls Jacking added iodine, altliough visible growth 
was delayed 3 to 4 weelvs in both cases. It has not been established, 
howcwer, that all of the observed responses to iodine additions are 
due to the aiitidoting action on copper toxi(*ity, and it is possible that 
otluT toxic factors are involved. In this connection, the work of 
Shdnberg (:20) is pertinent. He found that the toxicity of silveu* to 
Aspergillus niger is antagonized to a high degr(H‘ by iodide, less so by 
bromide, and not at all by (‘hloride. The solubilities of the silver 
halides appeared to h(' the important factor. 

The growth of a mixed culture of algae ir^ the iodim'-frtM' nnHlium 
was also studied. Additions of iodiii(‘ betwi'on the levels of 1 p. p. h. 
and 50 p. p. m. produ(*ed no apparent effect on growth. 

DISCUSSION 

The iodine requirem(‘nts, if any, of most plants must be vcuy low in 
view of th(' low normal iodim* content of plants. Tin' av('rag(' iodine 
content of land plants usually lies in the rang(' of 50 to 200 p. p. h. 

The normal range of boron and manganese (*ontent is about 1,000 
times this. Since 0.5 ]). p. m. of these elements in solution cultures is 
sufTicient for norma] phint growth, it appears likc'ly from analogy that, 
an iodine concentration of the order of 1 p. p. h. would be ade(|uat('. 
Since nutrient solutions prepar'd from ordinary c. ]). chemicals ap- 
parently have iodine concentrations of this order, tin* net'd for nutrh'iit 
solution purification is obvious. 

The presence of anjodine content in the normal range in the 
tomatoes grown in the specially pn'parc'd iodine-free solutions makc's 
it impossible to state definitely on the basis of these expi'riim'nts that 
iodine is not ('ssential to tlu' tomato. To show irrefutably that iodiiu^ 
is nonc'.ssential, plant matc'rial substantially lacking iodiiu* must ho 
grown. 

It is possible that the iodine found in these plant tissues was de- 
rived from the atmosphere. Jii spiU' of tin' v('ry low iodiiu' con- 
tent of the air, the ohservc'd accumulation of iodine would he no 
mor(‘. striking than that of other suhstama's. For example, if iilants 
were able to absorb iodine from air containing 0.02 7 per cubic meter 
in the same iH'Iative ])ro])ortion a.s they do carbon dioxich', this could 
account for an iodiiu' contribution of the order of 100 p. p. b. More 
rigorous proof of tln^ noin*ss(‘ntial natui*e of iodine would tln'reforc' 
seem to r(‘(|iiire tin' use of air purification and unusual prc'cautions 
against incidental contamination. 

Tin* distribution of iodine throughout the plant parts was found to 
be fairly uniform at both of tin* iodine levels investigated. P(*rusal of 
the literatun* reveals that, in general, fruits, starchy parts, roots, and 
seeds are lowest in iodine content, while green parts, esp(*cially l(^av(*s, 
are richest. It has fr(*quently been suggested that iodine follows the 
transpirational str(*am in plant tissues. 
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The ovi(l(Mic*e s(*(‘ms clear that iodiiK'. is not esscnitial to Azotobacter 
agiky althouf^h stimulations from added iodine may occur as a result 
of other effects on the (*nvironment. It s(‘(‘ms possible* that a similar 
r(*lation may be found to hold for ])lants. Tin* erratic nature and 
relatively small ma^nitinh* of tin* growth r(*spor]ses of plants to iodine, 
as well as tin* lack of sp(*cific d(‘fic.iency symptoms, supports the view 
that iodine* acts by ame'lioratiug detrime*ntal asp(‘cts of tin* environ- 
ment. Here alse) should be nn*ntioned the lack of e*viele*nce of wide- 
spre*ad crop failure* in e*xtre*inely goiterous regions. 

EFFECTS OF IODINE ADDITION TO SOILS 

ICXPEK1MENT.\L RESULTS 

In accord with the* sece)nd line* e)f attack nn‘ntie)n(‘d in tin* intro- 
duction, preliminary lie*lel-plot and j^iwnhouse* trials with ioeline were 
coneluct(*d on a numbe*r e)f ()re*^on soils with various crops. Potassium 
ioelide adelitions e'epiivale'nt to 2 to b pounels e)f iodine* per ae*re were 
applie*el fe)lle)wint!: a e*om[)le*te* fertilizer tre*atme*nt. The iodine was 
applie*d in the* fe)rm of a dilute sedution before see‘diny: in the e*ase e)f 
annual plants, ami eiurin^ the* early se*as()nal ^re)wth sta^ires in the case 
of pe*re‘nnials. 

While* the* r(*sults fre)m some* 40 such trials were* larp*ly ne‘j^ative, 
2 se)ils we*re subj(*ct(*d to statistically interpre'table t(*sts. Re'plicated 
])ot-culture* trials were e*e)nelucte‘el with alfalfa {Med ica go sat! va) \iu(\ ivd 
clove*!* (Prifoliuni praten^e) on Aike*n clay le)arn and i)e*schutes sanely 
loam. The* Aike'ii se)il haet pve*n indie'atie)ns of ji re‘sponse e)f alfalfa 
to ie)eline‘ treatnn*nt.'^ The* I)e*se*hute*s soil came* from De*se*hutes 
re)unty, Ore*.^., wdn‘re e'lielemic ^oite*!* in human be*in^s and farm ani- 
nnds has lon^ b(‘en reco^'nize*d. Tin* soil itse*lf was ibiind to contain 
the le)w ioeline ce)nte*nt of 0.5 p. ]). m. 

The datji for the* first thre*e* cuttings on e'ach trial are iriven in table 0. 
The* yie*lel ehitei fe)r furthe*r e*uttiniz:s w'e*re* e‘rrati(*. Five* anel te*n jars, 
r(*spe*e*tive*ly, \ve*ie* use*el per tre*atme*nt in the* alfidfa and reel e*love*r 
trials. Kach seiil receive*el a e*omple‘te* fe'rtilize*r tre*atnn*nt be*fore 
seeding 

Yie*lel ine‘re'ast*s that se*e*m to be statistie*ally sipiifie*ant W'ere ob- 
taineel with the* Aike*n soil only, on the first anel se*e*onel cutlin^s. A 
slight re*sponse‘ was fe)unel with the* first e‘uttin^ only e)n the l)e*schut(‘s 
soil. It may be* note*el that for the first cuttings of re*el clove*r on both 
seiils, anel for the* first e*uttin^ e)f alfalfa on the* Aiken soil, the yie*lel 
re*sponse*s are* pre)portionat.e*ly givater wdien the w'e*i^hts are* con- 
siele*re*el; tluit is, “succule*nce” as w^e*ll as te)lal yielel has be*e*n ine*re*ase*el. 

The criiele pre)te*in conte*nt as we*ll as the yie*ld was incre‘ase*el in 
those* case's in which iodine* r(*sponse*s vve*re* obtaine*el. This is of 
inte*r(*st in vie*w' of Brenchle*y’s (^) obse*rvatie)n that nonte)xic ioeline 
dosage's fre(|Ue*ntly incre*as(*d the nitrogen cenitent of barle*y anel 
le*jj:ume*s. 

® e^'AllLSON, W F. A CONTKIHrTJON TO THE HOl.E OF lOlUNE IN THE NUTKITION OF CERTAIN TLANTS 83 
pp. ('OrvHllis, OroK. (Tliosiv, Oroj: Statt* ('’ol ) ('ailsoH found i he closely reltilod Olympic series to bo 
the only one of four e^rcjion siuls mvestmated that lesponded to potassium iodide additions in preliminary 
trials. 'Phe Aiken soil was taken liom the same hillside as e'arlson’s Olympic soil The samples were 
taken fiom a virpin profile where contain mat ton with spray lesidues was out of the question. 
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Table i)— The effects of potassium iodide treatment on yields of alfalfa and red 
clover grown on Aiken clay loam and Deschutes sandy loam, 10S7-SS 

____ ^ 

I i 2 pounds I 4 pounds 

iodine por aero, iodmc per acre 

I 


Aiken clay loam 

Alfalfa, seede<l June PK'iT, mean yields. 


Firbt ciittiu};, Sejit 27, 11)37 


1 


10 80+0 45 

Oreen woipht. 

_ grams 

7 fidiO 4fl 

10. 40+0 45 

Dry 

do 

2 22 ! 

3.05+0 30 

3 75+0 15 

Second cutting, Dec 2, 11)37 


1 



Dry eight 

do 

tMJdtO (17 ' 

0 40+0 30 

7 5)0+0.07 

Third cutting, Mar 17, U)3S 





Oreen weight 

do 

33 0->2 2 

40 0+3 8 

33 0+1.5 

Dry weight 

. do 

fi I) 40 

X 20+1 50 

0 80+0 30 

Iodine content (comhincd first and second cutting*- 




(dry-weight ba.sis)) parts per billion i 

384 1 

415 

301 

Ked clover, seeded October 1937. mean yields 





First cutting. May 2f), mts 


1 



Clreen weight 

grams 

2(H)rLl8 1 

202+14 

255+8 

Dry weight 

do 

M 0 1 

01 0+2 0 

.57 1+2 7 

Second cutting 

1’hird cutting, Aug 24, 1938 


(') 1 

(0 

(') 

Oreen W’cight.. 

do 

112dr4 ■' 

105+3 

113+3 

Dr> weight 

do 

29 3+1 3 

28 .3+1 0 

29 0+2 1 

Iodino content* 


1 



First cutting. parts per billion | 

370 ' 

213 

279 

Third culling. 

do 

270 i 

190 

198 

Protein content 


1 



First cutting . .. 

permit 

l.'i.A'i i 

10 89 

17 03 

Thud cutting . 

do 

Ifi 24 ' 

14 8.5 

14 85 

Deschutes sandy loam 


1 



Alfalfa, seeded June 1937, mean yields 


1 



First cutting. Sept 27, 1937 


' 



Oreen weight 

grams 

5 00+1) 38 1 

0 00 022 

0 20+ 0 00 

Dr> weight. 

do 

! 1.95+0 15 1 

2 10+0 22 

2 10+0 22 

Second cutting. Dec 2, 1937 





Dry weight 

do 

5 85+0 00 

5 15+ 0 45 , 

5 95+0 38 

Third cutting Mar 17, 1938 


I 



Oreen weight 

do 

39 (X)+l 5 j 

34 0-+3 8 

32 0+3 8 

Dry weight 

do 

8 40+0 30 , 

7 45+0 07 

0 90+0 00 

Iodine content (combined first and second cuttings i 

1 



(dry-weight basis)) . parts 

per Vullion 

205 

4(X) ' 

415 

Red clover, seeded Octolier 1937, mean yields 


1 



First cutting. May 20, 193K 


1 



Oreen weight 

grams 

191 + 10 1 

215+7 ' 

200+5 

Dry weight 

do 

40 0+3 3 1 

47 7+1 0 ; 

45 9+ 1 1 

Second cutting, July if), 1938 





Oreen weight 

do 

140+10 : 

110+11 ; 

120+9 

1 )ry weight 

- do 

31 7+4 I ' 

20 2+2 8 : 

28 7+2 2 

Third cutting, Aug 24, 1938 


' 



Oreen weight 

do 

45 4+4 9 

40 0+5 0 ; 

42 0+2 9 

Dry weight 

do 

11 0+1 1 1 

9 1 + 1 2 

10 3+0 0 

Iodine content 


1 



First cutting ... .. parts 

l>er billion 

180 i 

492 i 

712 

Second cutting . 

do 

277 

1 

012 

Third cutting 

. do- 

132 ' 

1 

480 

Fourth cutting 

dj) 

189 ; 


484 

Protein content. 


1 

j 


First cutting. .. 

percent 

10 94 ! 

17 .5 i 

17 54 

Second cutting 

do ; 

14 91 1 

10 10 ; 

15 38 

... — — . . 



' 



‘ Lost 


Tho plant iodino contont was i-olatod to tlio iodino troatmont 
in the case of the Deschutes soil which had a basal iodine content of 
O.i) p. p. m., hut not in the case of the Aiken soil which had the relatively 
high iodine content of 16.4 p. p. ni. The iodine in the latter soil was 
largely present in tin* organic matter, as w'as shown by extraction with 
solvents that varied in their ability to extract humus. Thus, a water 
extraction yielded 1.4 p. p. m. or 7 percent of the total iodine in the 
soil; a 2-percent potassium carbonate extraction yielded 7.7 p. p. m. or 
47 perc(>nt; while a 1 -percent potassium hydroxide extraction yielded 
12.3 p. p. m. or If) p«TC('?it. The water extract was almost colorless, the 
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potassium carbonate* (‘Xtract was cIkmtv red, while the* potassium 
hydroxide* e‘xti‘aet was very elark in color. 

The elillere'iu'e* in the ability of these two soils to retain ioeline* was 
also shown by the* following le*achin^ e*xpe*rime*nts. Small samples of 
soil whie'h hael been treate*d with 1 and 10 p. ]). m. e)f adele‘el ioeline W(*re 
placed in eluplicate* in small Buchne*r funn(*ls anel l(*ach(‘d fe)r 2 months 
with small elaily aelelitions e)f distilie*el water. The* re*ce)very of total 
ieuline freuii the* I)(*se*hute*s sanely loam was 16 and 46 p(U*cent fe)r the* 
soil samples e*e)ntaining 1 anel 10 p. p. m., respe‘ctiv(‘ly, of aelele'el ioeline; 
for the Aik(‘n e*lay loam the* iwovery was 0.6, 1.7, and 0.6 pe*rce*nt for 
the* sample's ce)ntainini>: 0, 1 , and 10 p. ]). m., re‘sp(‘e*tively, of aeleh'el 
iodine*. 

In ae‘(‘orel with the* re*sults of other we)rke*rs, e*arly nonte)xie* applica- 
tions of ie)elin(‘ te) se)ils eliel not ^ive* the* striking increase's in plant ioeline* 
content that are* note'el in se)lution culture we)rk. The* ioeline e*ontent 
value's e)btaine*el are* in apee*me*nt with lhe)se summarizeel by Ale*- 
(^le'iidon (//7). lne*iele*ntally, natural wuUe*rs we*re* le)W' in ie)dine, 
althe)U^h a fe*w^ ele*ep we'lls we're founel te) e‘e)ntain as much as 6 te) 120 
p. p. 1). 

DISe’USSION 

The* re'sults e)f aelelitions e)f ie)eline* to ()re*gon soils have* b(*e*n lar^edy 
ne*j>:ative*. \Ve*ll-re*plicateel pe)t-culture trials with le*< 2 :iime‘s e)n Aiken 
e*lay loam have ^uv(*n a small re*sponse* te) ie)eline* tre*atme*nt that seems 
to be* statistie*ally sij>:nificant . The* fe*w' e)the*r e*as(*s vvhe*re stimulative* 
ae*tie)ns have* be*(*n fe)unel in pre*liminarv trials must be* te*steel more* 
the)rou^hly be*fe)re* ele*finite* state*me*nts e*an be* maele*. 

The* larj>:e*ly ne*pitive re*snlts e)f ie)eline* fe*rtilizatie)n e)f se)ils in a 
re*<j;ie)n e)f e*nelemie* ^e)ite*r suppe)rt the e*e)ne*lusie)n, base*el on solution 
e’ulture* trials, that ie)eline is either ne)t e*sse*ntial in plant nutrition, 
e)r is reepiire'el in ve*rv minute* amounts only. It is e*onclueleel that 
be)na tiele* re's|)e)nse*s to ie)eline* tivatnu'nt are* probably elue* to anta^e)n- 
istic ae*tie)ns in vie*w of the* small ma^nituele anel e*rratic oce’urrence* e)f 
soil re*spe)nse*s to ie)dine* tre*atments founel by the write'rs anel by e)the*r 
we)rkers. 

The stiniulatie)!! of le*^ume* yie*lels on Aike*n clay loam is partie*ulai-]y 
inte*re*stin^ in this e*onne*ctie)n. The fact that a ])ositive* j»Towth re- 
spe)nse* was obtaineel with le)W' ie)eline applie*ations e)n a se)il containing 
a le'lative'ly high ioeline* e*e)nte*nt, althe)ugh the* ie)eline* e'onte'iit of the* 
[)lant mate*rial was not aflected by the* ioeline* tre*atme*nl; that the* 
respe)nse* was most apparent on the* first cutting anel wuis founel only 
e)n the* first anel se'e*onel e-uttings; that the* re*sj)e)nse* was greater on the* 
gre*e*n -we'ight than e)n the* elry-w'e*ight basis; anel that the* nitrogen 
conte'iit was increased when yielel re*spemse*s we*re* e)btaine*el, all point 
to an inelire*e*t e'ilect e)f the* ioeline, rather than to the* re*me*elying of 
an ioeline defie'iency. 

The magnitude* of the iodine re*sponse on the Aiken soil and the 
e'vielence* fe)r re'sponses on e)the*r soils are not gre*at enough to warrant 
he)p(*s of e‘cone)mic returns from iodine fertilization. 

SUMMARY 

The* e'ffecis produced by the addition of small amounts of ])Otassium 
iodide to nutrient solutions pre'pared from c. p. che*micals and dis- 
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tillod water have been investig:ated. Significant incrc^ases in yi(*ld 
were not obtained with corn, barley, or lettuce g:rown in these solu- 
tions. The iodine content of the'idant material was found to be 
linearly relattnl to the concentration of added iodine in thes solution 
cultures. On the basis of these data and certain assumptions, the 
maximal iodine content of the basal nutrient solutions was calculated 
to be of th(' ord(U‘ of 1 p. p. b. 

Methods W(‘re devcdoped for reducing the iodine content of certain 
mitrient chemicals to h^ss than 1 p. p. b. Using siudi chemicals and 
redistilled wat(*r, the writers prepared nutrient solutions having an 
iodine content of tlu^ ord(‘r of 0.001 p. p. b. TomatO(‘s failed to 
give growth revsponses to iodiiu' additions in these solutions. 

Azotobavter agile was subcultunHl at periodic* intervals for appi'oxi- 
matcdy 1 year in a 1.1 percent ethanol medium having an iodine 
content of the order of 0.001 p. p. b. without a reduction in the normal 
growth rate. 

Exploratory pot-cultui*(‘ and licdd-plot trials on a number of Orc^gon 
soils with early nontoxic iodine additions have bc^eii largely lU'gative. 
A statistically int(M*pretable greenhouse' trial on Aikc'U clay loam 
showed small responses with alfalfa and red clovc'r on tin* initial 
cuttings. Iodine may act indiiTctly ratlu'r than by nmu'clying a 
deficiency of an (‘sscmtial element. 
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MEETING THE VITAMIN D REQUIREMENT OF PIGS 
WITH ALFALFA HAY AND WINTER SUNSHINE ‘ 


By ]). W. Johnson, fornuTly astfistanl animal husbandman^ Division of Animal 

and Poultry Husbandry^ and L. S. Palmek, agricultural Inochemist, Division of 

Agricultural Biochemistry, Minnesota Agricultural Experiment Station 

INTRODUCTION 

It has shown by (lu^ authors (S)^ that pi^s require vilaitiiii U 
ev('n wlu'ii receiving rations higher in calcium and phosphorus than 
are ordinarily recommend ('d. Meeting this rtajuirernenl is of prac- 
tical im|)ortanc(‘ and pn'sents a problem und(T tlu' usual winter- 
feeding conditions in Minn(‘sola, wher(‘ rather close eonfinenuHit of 
pigs is iK'cossary during the wint(H’ months. 

It is not generally understood that all common pig f(‘(‘ds, especially 
grains and protein supplements, are completidy lacking in vitamin 
I). Becaus(‘ of (h(‘ importance of this vitamin in the nutrition of 
pigs, furtlu*!' expi'riuKMits W(*r(‘ conducted to determine how it may 
be provided and also to find the extent of th(‘ pig’s m^ed for it. 

MATERIALS AND METHODS 

In addition to f(‘ed consumption, weight records, and the gross 
symi)toms of tin' pigs, tlu' level of calcium in the blood plasma, from 
singh* blood samphs obtained from tail Ideeding, was used to deter- 
min(‘ th(' necul of tlu' pigs for vitamin D. Since alfalfa hay may con- 
tain vitamin I) (b'), and is one of the few roughages used in pig rations, 
it was fed in each of tlu' three experiments in this iin estigation. In 
th(' first two ex|)erim('nts three lots of hay were us(‘d, lot 1 in the 
first ('xperinuHit and lots 11 and 111 in th(‘ second. At tlu' conclu- 
sion of these two (‘X[)erim(‘nts th(‘ vitainiTi L) content of the three 
lots of hay was det(*rinin(*d. A fourth lot of hay for use in a third 
('X])eriment was also assayed. This hay was cured by exposure to a 
numb('r of hours of sunlight approximating that given to hay in the 
usual manner of curing on farms. For this purpose a small field of 
alfalfa was mowed at 10:00 a. m. and the hay was pul in storage' the 
next day at approximately 1 :00 p. m. During the entire curing period 
th(' wc'ather was (dear, thus permitting the maximum amount of 

('XpOSUH'. 

Quantiti(\s of th('S(» four lots of hay were assayc'd hn* vitamin 1) 
according to the United States niarmacopoeia XI proci'dure by 
whicli it was possible to determine the approximate nunilx'r of Inter- 
national Units of vitamin D in ('ach lot of hay. Rachitogeuiic diet No. 
314;i of McCollum et al. {4) was ('inployed. The vitamin D contcait 
of the four lots of hay, as shown in table 1, was 0.15, 0.39, 1.46,/ind 
0.85 liUirnational Units })er gram. It should be noted that Wallis 
(7) reports 10.45 International Units for alfalfa leav('s and 1.72 for 

1 Hocoivo'l for pubhcalioii April 2, IWU. Paper No 1898, Soiontific Journal Senes, Minnesota Afrncul- 
tuniJ Experiment Station. 

- Jtiilie lUJinhers in pnn'ntheses refer to Uiterature (^ited, i» 048. 
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alfalfa stems. Tlio discrepancy betw(»eii his results and those here 
shown is apparently due to a difference in healing obtained with the 
reference oil. 

Table '[.--Results of vilamm I) assays with rats of the different lots of alfalfa hay 

fed in the pig experiments 


Malonal, Icvi'l of livdinti, an<l qiianlity consumed during the first 

K days of tin* assay porKKl 

Rats 

used 

Average 
healing 
fline test)' 

Vitamin I) 
per gram 
(ealeuluted)2 

Standani refiTcncc oil, 0 4 International T'nit dailv _ 

ATw ruber 
10 

4-2 5 
+1 4 

Infcrnafional 

Lot I alfalfa. 20 percent ol diet, 1 47 gm. average daily intake. 

12 

0 15 

T/ot II alfalfa, 10 percent of di<‘t, 0.09 grn. average daily intake _ . 

13 

+1 7 

39 

Lot III alfaKa, 5 perci'nt of diet, 0 34 gni, average daily intake . . . 

9 

+3 1 

1 40 

Lot IV alfalfa, 10 percent of diet, 0.06 gm. average daily intake 

15 

4-3.5 

S5 


I The numerical depiees of healinp: suRgesteci by Bills et al. (1) were f(>ll()we<l in mterprotim; the Ime tests. 
* "J'he ealeulated values are not strictly correct since thi»y were made by simple proiiortion, as is customary. 
It IS knowm that the relationship between the units of vitamin 1) received and the decree of h<*alint; is curvi- 
lineal, and that vitamin 1) units m an unknown may be calculated by arithmetical jiroportion only when 
the unknown and the standard reference will give the same depri'e of healing. 


EXPERIMENT 1 

PROCEDTTRE 

In experiment 1, be^iin December 12, 1935, three lots of six pi^s each 
were used. In lot 1 there W('r(‘ one Duroc-J(*rsey, one Poland China, 
and four Hampshire's. In each of the' otlitT two lots tluTe W(*re two 
Poland Chinas and four Duroc- Jerseys. The pigs wt're started on 
expcTinient shortly after weaning and were fed individually twi(*o 
daily. All lots in this experiment, as wAl as in the experirmaits which 
follow, were housed in a hog barn and W('r(‘ not allow (‘d acce'ss to the' 
outside excf'pt as called for by the experimental proof'd ure. 

The ration fed lot 1 consisted of yi'llow^ corn, 86.84 percent; dry- 
rendered tankagf', 11.80 percf'iit; sodium chloridt', 0.50 p(‘rc(*nt; bone- 
meal, 0.26 percent; limestone, 0.45 percent; and unirradiatf'd Vf'ast, 
0.15 percent. This ration provided 0.65 pc'rcf'nt of phosphorus aiifl 
1,07 percent of calcium. Tlu' pigs receiving it were' allowed to bf'Cfune 
rachitic and Wf're tlu'n used t-o test Hie antirachitic potency of alfalfa. 
Lot 2 received the above-described ration and had access to tlu' out- 
side at all times. This plan was followf'd to detf'rmine whf'tlu'r pigs so 
handled would receive' f'liough benefit from winter sunshine to pre- 
cludf' the necessity of adding a vitamin D siipplenif'nt to their ration. 
A daily record was kept of the hours of sunshine and tlu* approxi- 
mate amount of time the pigs spent in their outside lot from the 
beginning of the exp(*riment until its close. The only change made 
in the above ration for lot 3 w^as the substitution of irradiatf'.d yeast 
for unirradiated yeast; thus this ration served as the control since a 
ration containing 0.15 percent of irradiated yeast had bef'ii found bv 
the authors fSj to afford complete protection from rickets. 

RESULTS 

As the body stores of vitamin D became depletf'd the average per- 
cent of calcium in 100 cc. of blood plasma of five of the pigs in lot 1 
decreased from 10.47 mg. on January 9 to 6.51 mg. on February 24. 
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Onr work la((*r tlie ri'niaining pi^ was blod and showed 6.91 mg. All 
of these pigs showed marked reduetioii in feed intake and negligible 
growth or a loss in widght, and two pigs exhibited ealeium-defici(»ncy 
ti'tany. That th(*s(' symj)toms wen* tin* result of a vitamin D dc'fi- 
eieney was shown by the fact that the plasma calcium of oik* of the 
pigs manif(*sting t(*tany increased from 5.58 mg. to 11.05 mg. in 12 
days aft(*r tin* [)ig had n*ceiv(*d 4 oimc(‘s of V. S. P. (*od-liv(‘r oil. 
Furtherinon*, tin* pigs in lot 3, the control lot, showed no reduction 
in plasma calcium and their appetites and growth were excellent. 

Four of th<* pigs in lot 1 were given lot 1 alfalfa as 1 percent of their 
ration and tin* remaining pig, one* of the two manifesting (‘alcium- 
d(‘ficiencv ti'tany, was given tlu* alfalfa as 5 pi'rcent of its ration. 
llow(‘V(*r, in ord(*r to save* the life of this pig 8 ounces of cod-liver oil 
were administ(M(*d over a period of 4 days, after which it recovered. 
After 16 f(*edings of tin* ration containing 1 percent of lot I alfalfa, 
the plasma calcium of (*ach of tin* pigs was lower than b(‘fore it was 
giv(*n. Consec]U(*ntty the alfalfa was incr(*ased to 5 percent. After 
12 f(*edings of this ration one of tlu* four pigs had a convulsion; it 
was given 4 ounces of cod-liver oil and r(‘mov('d from the exjieriment. 
Th(* r(*maining thn*(‘ pigsrec(*ived 16 feedings of this ration l)ut showed 
no impiovcuiK'iit. Tin* alfalfa was then inen‘ased to 10 perc(*nt of the 
ration. The* lack of r(‘coverv from 21 fe(‘dings of this ration is not 
sur])rising in view of the small amount of vitamin 1) in this hay 
(tabl(‘ 1). During this period of the ex])erim(*nt the thr(‘(‘ pigs, av(‘r- 
aging ap])roximately 200 jKumds, ate on an av(‘rag(* 4.85 pounds of 
f(H‘d p(‘r day, and (‘ach tlu'refore r(*c(*ived but International Fniis 
of vitamin D daily. 

Th(* pigs in lot 2 rec(‘iv('d the same ration as thos(‘ in lot 1, but in 
spite of having ac<‘ess to an outside* lot, they n(*ed(*d moie* vitamin 
D during the* early part of the (‘xp(*riment than they obtained from 
(‘Xjiosure to sunlight. This was indicated by the incidence* of stifl‘ne*ss 
anel slight re*eluctions e)f plasma e*alcium in se*veral e)f the pigs anel by 
sle)we*r ave*rage gre)wth for the lot as e‘e)m])are*el with lot .‘1, the pigs in 
the latte*r le)t av(*raging 7,8 pounels pen* pig he*avier than those in lot 2. 
This difl*ere*ne*e*, he)We*ver, deve*lope*el eluring the first part e)f the experi- 
me*nt; during the latte*r part, Fe*bruarv 6 to March 20, lot 2 gained 
(‘qually as we*!l as lot 8. It is inte*re»sting to note that the improve*- 
me*nt in growth e)f the pigs e)f lot 2 e*oincieleel with the p(*rioel of great(*r 
sunshine eluring whie*h, unle*ss the we^ather was S(‘ve*re, the'y spent 
meire time outsiele. 

EXPERIMENT 2 

PROCEDURE 

In orde*r to make a further study of the* value of winter sunshine in 
curing rickets anel of alfalfa hay in pre*venting rie‘kets two lots of six 
pigs each we're* starteel ein experiment Dectunber 21, 1986. The pigs, 
thre*e Duroc-J(*rs(*ys and three l\)land Chinas in each lot, averaged 45 
pounels in weight. The ration fed to lot 1 for the purpose of testing 
the value of winter sunshine, consisted of corn, 86 perc(*nt; dry- 
rendcTcd tankage, 12 pe're'ent; sodium chloride, 0.50 percent; bonerne^al, 
1.0 percent; anel limestone, 0.50 percent. The calcium and phos- 

E horus in the ratie)n were* 1.05 percent and 0.68 pe*rcent, n‘spe*ctiv('ly. 
(Ot 2 received 95 parts of this ration and 5 parts of lot TI alfalfa meal. 
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The inclusion of the alfalfa did not appreciably change the perccuitajrc's 
of calcium and phosphorus in this ration as compared with that for 
lot 1. The ration for (‘ach lot was self-fed. Individual weigrhts of th(‘ 
pigs and the feed (*aten by ('ach lot were n'conh'd at- 2-week intervals. 

RESULTS 

The data in table* 2 shew that in 8 wec'ks tlu'n* was a rc'duction iii 
the average* plasma calcium valiK's of the pigs in lot 1 from 10.95 mg. 
to 6.89 nig. Some of these pigs were lame, biit^ lannuu'ss was not 
characU'ristic of all the pigs in this lot. Since it was clearly evidc'nt 
from the blood picture that these pigs wen* rachitic*, they w('re (‘xpos(*d 
to the sunlight for 2 weu'ks, bc'ginning February 16. The exposure* 
was limite'd to the period from 10:30 a. m. to 3:30 p. in. Because of 
cloudy wcatlu'r they W(‘re e‘xpos(*d for an average of only 1.48 hours 
per day. This treatrnent cause*d the plasma calcium to incre*ase» to 
10.52 mg. (table 2), and this inewase was accompanied by a marked 
improve*ment in appetite, growth, and appearance. Solar iiTadiation 
was continued for another 2 we'(*ks, which re'sulteul in furthe'r improve- 
ment, although sufficient irradiation may have be‘(*n give'ii during the* 
first p(*riod to account for the continuc*d improve'inent. 

Table 2. — Calcium in 100 cc. of blood plasma of pigs ns affected by cxposine to 
sunshine and by dietary supplements during ex pen merit ?, tO'dO di 


(’aleiuni in 1(K) cc of plasma m lot I ' I ('alcium in HM) cc of plasma in lol 2 


Pin No 8 and 
l)rcc<l 

Dec 21 

Feb 15 

Mar I 

Mar 1.5 

Pig No.< and 
brt‘(‘d 

D(‘c 21 

Kcb 15 

Mur 1 

1 M III 1 5 




Afj/fj- 

Mine 


Mine 

A/i/fi- 

Mille 

Milte 

I'DJ 

grams 

grams 

grams 

gra ms 


grams 

grams 

grams 

grams 

10 0.5 

0 00 

10 04 

11 .50 

7 DJ 

11 01 

10 23 

11 20 

1 1 20 

2- DJ 

10 0.5 

0 05 

10. 00 

10 00 

8-DJ 

10 .37 

0 31 

0 (M) 

1 11 15 

,3-DJ 

10 00 

0 01 

0 .52 

1 1 .51) 

0-DJ 

11 00 1 

8 70 

0 82 

1 10 05 

4-pr 

11 04 

7 42 

10 40 

11 .51 

I0-J*(^ 

10 (>0 ' 

10 13 

10 54 

10 74 

,5-P(’ 

11 01 

7 37 

10 74 

11 72 

11-pr I 

10 12 i 

0 02 

10 0.4 

1 10 05 

6-1* r 

11 33 

0 04 

11 0.5 

11 30 

1 

1 12 PC 1 

10 0.5 ; 

10 IS 

10 74 

1 10 0.5 

M can _ 

10 0.5 

0 SO 

10 .52 

11 40 

Mean 

1 1 

0 70 

10 24 

1 1 MHl 

» Exposed to suriliKht bcfiiimmn Feb. U> 








2 Ration included .*j pcrc4*nt of alfalfa meal. For 2 occk.s prior to Feb. 1.5 tln'se ])ins n'ocived an averuut' 
of 38 I U of vitamin 1) per animal per day, from Feb 1.5 to Mar I tlicv received IW, and from Mar I to 
Mar 1.5, 241 

3 DJ and CC' sif^mfy Duroi'-Jerscj and T’oland (’hina, n'spectively. 

The blood picture of lot 2 was much moJ*e favorable than that of 
lot 1. From December 21 to February 15 there was an average reduc- 
tion of only 1.04 mg. in the plasma 'cal(‘ium. Althougli there was a 
variation among the pigs in this respect the plasma calcium of ea(*h 
showed some reductiem. It was evident that the lot U alfalfa hay 
furnished enough vitamin D to give some protection from rickets. 
On February 15 the ])igs averaged 102 pounds in weight and for the 
2 weeks ])rior to that date had received an average of 38 International 
Units of vitamin D per pig per day. On February 15 the supply of this 
lot of hay was exhausted and another lot (lot 111) was fed. That this 
hay contained enough vitamin D for the pigs was evident from the 
increase, with the exception of pig 8, in their plasma calcium values 
in 2 weeks and a further increase for all the pigs in another 2 weeks. 
From Februai*y 15 to March 1 the pigs received 183 International 
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Units of vitamin I) daily per pi^, and from March 1 to March 15 tliey 
received 241 International Units. Jn the writers first investigation ( 3 ) 
it was found tliat irradiated yeast as 0.10 f)ercent of the ration faileil 
to prevent rickets l)ut as 0.15 per(‘ent it afforded complete prote(‘tion. 
Although this yeast was not assayed, according to the manufacturer 
it probably contained 900 International Units per gram. Thus, 
aj)proximately 1,700 International Units of vitamin 1) per pig per day 
were recpiii-ed. This disci-eparuy between tlie amount of vitamin D 
required by |)igs when supplied in irradiated yeast and when supplied 
in alfalfa hay retpiires further study. 

The difference' in the appetite of pigs in lot 1 and lot 2 and the 
improvement of both in this respect after receiving what was ap- 
!)arently an adeepiate amount of vitamin D (table 8) illustrates the 
importance of nuM'ting the Tieed of pigs for this vitamin. This is true 
evcfi of lot 2 in which only a slight dcH<‘iency was ejicountered as 
judged by tlie small reductions of blood-plasma calcium and by the 
total absence of visible symptoms of rickets. As ex[)ected, the increase 
in feecl consum|)tion was accompanied by an improvement in growth. 
Lot 1 gained 54 percent faster during the 2 weeks after exposure to 
the winter sunshine, and lot 2 gained 43 percent faster during the 2 
weeks after the change from lot II to lot Til alfalfa, than duriiig the 
2 wc'cks j)receding these changes. 


Taiu a 3. - Avvrngv dtubf fa d comumvd pvr pig at (Jfffrrcnt tnnrs during vx pen nmit 2 


Lot No * 


1 


' Sec lootnotrs 1 urnl 2, (at)U' 2 


21 1 Ian 4 Jan is 

Jan 4 ! Jan IS | Fob. 1 


noiinda , I*onu(is i Pninuh > 

2 tw 3 or. ! a 24 ! 

2 rai ! 3 J() 3 72 ! 

I ! ! 


Feb 1 I Fob IT) | Alar 1 

K(‘b 1.*) I Mar 1 Mar lo 


PoiirKlM ' PoundH ' «;/(/« 

3 2.3 4 4S ; U 21 


EXPERIMENT 3 

PKOCEDUKE 


In ord('i* to olitain more' information on the requirement of the pig 
for vitamin I), a third (*xp(*rimeiit was initiat'd November 15, 1937. 
Six lots of pigs, averaging 47 pounds in weight, were used for studying 
(1) the value of winter sunshine and of alfalfa containing 0.85 of an 
Intt'rnational Unit of vitamin 1) per gram (lot IV) in curing rickets 
in pigs, (2) th(‘ value of this same alfalfa in prev^entiug rick(*ts, and 
(3) th(' effec't of the concentration of calcium and phosphorus in the 
ration on the vitamin I) requirement. p]ach lot consisted of one 
Du roc- Jersey, tw^o Poland C^hinas, and thre(' Ilampshires. IIow('ver, 
during tJu' course of th(' experiment one pig w^as n'lnoved from lot 1 
and one from lot 3 for failui*(' to ('at their food. Ec'cords for tlu'se 
pigs have bc'c'u omittc'd from the report of this ('xp(‘rim(*nt. 

The pc'rcc'iitnges of calcium and of phosphorus in rations of swine 
vaiy widely, depending upon the protein supplement used. During 
summer feeding, wlum providing vitamin D is not a proWc'rn, similar 
results can b<' obtaiiu'd from protcun supplements consisting largely 
of soybean-oil meal or dry-rend(Tod tankage or of meat and bone 
scraps. For young pigs, wdien the demand for protein is high, the 
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phosphorus coiit(»ril of such rations is approximately 0.40 pcrccuit, 
0.60 percent, and 1.2 perc(‘nt, respectiv(*lv. Since' it was de'siivd to 
use rations typie*a] of those* usetl in practice*, concentrations of phos- 
phorus similar te) the* alcove we*re employe'd. These* rations, sliown in 
ta])le 4, wlu(*li were* se*If-fe*d to Ie)ts 1, 2, and 3, had a phosphorus ce)n- 
tent of 0.42 pe'i'cent, 0.64 pe*rcent, and 1.19 percent, respoctiv"e*ly. 
The calcium-pliosphorus ratios were 1.6 for rations 1 and 2 and 1.6 
for ratie)n 3. Exce*pting ration 1, the* calcium levels were* typical of 
those in swine rations employing the protein supph'ine'nts me*ntione(l 
above*. Aelditional calcium was add(*el to ration 1 in e)rde*r that the 
cale'ium-phosphorus ratios in the thre*e* rations might be similar. 


Table 4. — Hallom used in expenment U)Hi~38 


Kation 1 


Kation 2 

1 

CompoiuTit 

Proftor- 

tion 

U'oinponent 

! I*ro]>or-! 

1 i ion 1 


Ih'Tcent 


Peneut i 

Yellow cfini 

7(» 00 

N'ellow corn 

1 7.5 13 1 

Soybean-oil nit'al {SO per- 

22 (K) 

So.v b(‘an-oil meal (SO |»er- 

; 22 30 1 

cent, tankape (20 p(*r- 


eenO, tank.'me (20 per- 

1 

cent) 1 


een( ) 

1 

Su<liinn elilorule . 

riO 

Sodium ehloiide 

; .50 ! 

LiiTn'sloiio 

,Sd 

Limeslone 

1 -1" 1 



Boiiemeal .. 

! i.«» ; 


UHrion .3 


e’ompoiioiit 


iTopor- 

tlOIl 


cDrn i 

'oyhoan*oil meal (SO ikt- | 

mit). tfinkai?(* (20 prr- I 
('(‘nl ) I 

Sodium cliloruk' i 

I;inu‘stoiu' . I 

Bonoinoul i 


U'rcrnf 
70 rn) 
23 27 ) 


Pigs of lots 4 iitid 5 l•(>(•('ivocl th(* same rations as lots 1 and 2 (‘Xc(‘pl 
that f) pcrccMit of tho ration consistt'd of lot IV alfalfa hay containing 
0.85 of an International Unit of vitamin D per gram, ’’fliis hay was 
cured under ideal conditions. The pigs of lots 4 and 5 were confined 
indoors. It should be recalled that in e.xperiment 1 pigs fed a ration 
contaiiiing no vitamin D, but given voluntary access to an outside run- 
way, did not receive suflicic'iit exposure to .sunlight during ])ec('mt)er 
and January; that in (*.x|)eriment 2 rickc'ts was curc'd wh(*n pigs wei'c 
given exposure to winter sunshine; and that lot III alfalfa, as 5 jum- 
cent of th(‘ ration, e.ontained enough vitamin 1) (1.40 Int(‘rnational 
Units per gram) to iiu'ct the pigs’ requirement foi' this vitamin. It 
was, therefore, considered (h'sirablc to ie(‘d the pigs of lot 0, in addition 
to ration 1 , lot IV alfalfa hay, and also to allow them voluntary ac-cess 
to an outside, runway. Since alfalfa hay is cornmoidy self-fcal' to hogs 
on farms, this method of feeding tin' hay was followed with tliis lot 
Feed and weight records for the three 'lots were taken at biweekly 
Jiitc'ryals. 

UESULTS 


The calcium analyses of the blood plasma and th(> feial intake of 
the pigs m experiment 3 ai'e shown in tables 5 aiul (>, respectively 
As was expected, the calcium content of the blood plasma of repre- 
sentative pigs wa-s normal 1 week after the beginning of the experi- 
ment. After 8 weeks, on January 11, all of the pigs in lot 1 except 
No. 1 and all m lot 2 except No. 7 showed plasma calcium concentra- 
tion considerably below normal. The two exceiitious, litter mates, 
were removed from their respective lots on January 13 and given 
ration 1 , the low-calcmm, low-phosphorus ration whieh pig No 1 
had been receiving. Not until February 7, 12 weeks after the start 
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of th(» ('xporimoiit, was tlioro a mluction in th(» plasma ralciuni of 
th(‘se two piji:s; nainrlv, to 0.1)5 mg. for No. 1 and 9.14 mg. for No. 7. 
Those pigs, siihjocdcnl to tlio same prooxp(4*iinonlal troatjnont as the 
oUkms, pr(»sont(*(l such a marked contrast to the other 9 pigs in lots 1 
and 2 (hat th(‘r(' would appe^ar to he important hereditary diflVrences 
among pigs in th(*ir n^cjuin^ment for vitamin I). 

Oik* pig in lot No. 18, receiving ration .S, and on(‘ in lot 4, No. 22, 
rec(‘iving ration 1 supplennaitiHl with lot IV alfalfa, also showed 
slight redu(‘tions in plasma calcium values at the (‘iid of 8 weeks. 
lIow(*ver, wh(*n cahduin analyses were next made No. 22 had a plasma 
calcium vahn* of 10.311 mg. on Fehruary 4 and No. 18 oik' of 11.10 
mg. on Fehruary 7. 

It is int(‘r(‘sting to not(‘ that the higluu* calcium and phosphorus 
rations fed to lots 2 and 3 as compared with lot 1 apparently reduced 
the rat(‘ of utilization of tin* vitamin I) stores for the 8 we(‘ks, because 
the averag(‘ plasma calcium value for lot 2 was 1.5 mg. higher than for 
lot 1, and noiK' of the pigs in lot 3 showed an appreciable reduction 
in this value excej)t No. 18, as has becui mentioned. 

Table 5. (UiJcnim in 100 cc. of blood plasma of pigs as afffct(d by exposure to 
sunshnu ami by didaig supplf ttunls during expentm nt J, 1937 3S 


Ldt No 


ii • 


I’lC No 



C’aUuiin HI IDDei of plasma on 


aiKl 





- - 


- 

hrc(‘(l I 

\o\ 21 

lull 11 

Ian 28 

F<‘1> 4 

Feb 7 

F(‘b 8 Feb 21 

1 F(‘b. 28 


1 Mi/n- 

MUm 

1 Mifh- 

Mi/fh 

Milli- 

MUlh Ml/ll- 

1 Milh- 


1 (irn IN V 

iirotm 

1 (/rams 

(/tarns 

' aratm 

1 grams 1 (/rams 

(/ra ms 

fl 1)1 

1 ID .11 

ID .')7 



9 O') 

s 94 

. 

2 !*(’ 

ID 2.'> 

♦) <),') 

0 is 



0 97 


.i I‘(^ 


0 70 

7 <)9 



7 7.1 87 


U 


r* 7u 

0 12 


j 

7 27 


0 U 

11 ID 

7 94 

1 8 20 



8 72 s -21 

1 

7 1)J 

ID .11 

11 20 



9 14 

' 7 2.1 


H I'C 

1 ID 7y 

7 M 

' 4 "u 




1 

\i I'C 


9 .33 

1 1 1 21 





ID n 

1 

H 19 

1 ID 09 


1 


1 

11-11 

II CM) 

9 S7 

12 27 



1 


12 U 

h 4D 

, 1 1 20 




1 


1.1 l)J 

11 13 

' ID 77 

i 


11 20 

1 

' 10 14 

It !'(' 

11 .')D 

12 11 



11 .17 

1 

j 

ID 29 

1(> H 


11 .30 



1 12 20 


1 9 If) 

17 11 

1 11 17 

11 70 



' 11 II 


1 ID 14 

IH 11 

1 

‘1 .'),3 



1 11 10 


1 9 72 

n)-i).f 

1 ID 7)2 

' ID S2 

1 

' 11 21 

1 


1 

2D-IM’ 

1 11 12 

1 11 01 

1 

1 1 1 32 

1 

1 



21-l’(’ 

1 

1 11 91 

j 

12 20 

1 


1 

22-H 


9 92 


ID 3.C 

1 


1 

2.1 11 

ID 74 

1 ID 97 

1 

1 11 11 


1 


21-11 


ID 72 


ID 09 




2.'» l)J 

10 D.1 

, 11 31 

1 

1 11 08 

i 1 

1 


20 PC’ 


, ID. 72 


1 11 00 

I 1 

1 1 

1 

27- PC 

10 90 

1 10. ^7 

1 

11 10 j 


1 ' 


2S-H 


1 ID 02 1 

1 

11 21 1 




2U-H 

11 .W 

1 Ii 

1 

11 20 1 


! 


130-11 


' 11 11 1 


11 10 , 




31-1)J 

ID 04 

ID 92 1 


10 2.1 1 


1 * 


32 PC’ 

1 

11 71 1 


11 21 ' 

1 

1 1 ' 

_ 

33-PC 

10 r ,2 

10 42 

1 1 

11 10 { 


' 1 

1 

34 11 


10 97 

1 

11 11 1 

1 

! _ ! 

1 

11 

11 77 

ID 87 

i 

ID 48 1 

1 

' -1 1 


[3D 11 


11 20 


11 8:i j 


-1 ; 

— 


* 1)J, 1*(N and II .signify Duroc-Jorsc.v, I’oland (^hina, and UarniKshirc, rcspcctixclj. 

2 Keocived basic diet only, but lots 2 and .1 received more calcium and phosphorus than lot 1. The pigs 
in lot 2 were exposed to sunlight, beginning Jan. 13. 

^ Ration Included 6 i)erc<‘nt of alfalfa ha> ; pigs confined indoors. 

* Ration included 6 percx’iit of alfalfa ha> ; pigs had access to an outside runway. 
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Table 6.~ Average, daily feed consumed per pig at different times during experiment S, 

t9ii7-S8 



Lot No 1 ‘ 

Nov. Ifj 

Nov 20- 

Dvf 14- 

I>f(* 28- 

Jan 11' 

Jan 25" 

Fob. 8- 

Fob. 22" 


Nov. 20 

J)rc 14 

l)(*f 28 

Jan. 11 

Jan. 25 

Fpb. 8 

Fob. 22 

Mar. 1 



Pounds \ 

Pounds 

Pounds 1 

Pounds \ 

Pounds \ 

1 

Pounds 

Pounds 

Pounds 

1 a . 


A 08 

1 2 12 

2’, 70 

4 02 

2 41 

4 72 



2 3. 

1 

2 71 

2 12 

! 2 70 

4 15 

2 04 

4 77 



3 .. 

1 

2 72 

2 08 

; 2 81 

2 .50 

4 27 

5 08 

5 02 

5 07 

4 . 


2 fif) 

2 10 

2 45 

4 24 

4 40 

4 12 




1 

2 80 I 

2 00 

2 01 

4 02 

2. 95 

2 00 



0 

1 

2 87 1 

1 

2 24 

2 02 

4 .27 

4 57 

4 02 




1 Sei* F()ofn()f(‘s 1, and 4, fablt' 5 

* Lot 1 continued until Mar 1, but feed records are not Riven foi additional periods because of cbanees in 
ration 

3 Lot 2 stoiiped Feb. 1. 

Since pigs 2, .1, 5, aiul (i on ration 1 were rachitic, it was dccichnl to 
fc('d them tlu' alfalfa that lots 4, 5, and 0 had been rcc(‘iving. Accord- 
ingly, the hay was sclf-fcd beginning January IJ, and a record was 
kept of its consumption. By January 28 there was a slight increase 
in the plasma calcium of three of these pigs and a reduction in that of 
the fourth. By Fel)fuary 8, 26 days after tlu' fe('ding of the hav had 
started, during which timt‘ they at(' a quantity of hay consisting of 
6.9 percent of their ration, the plasma calcium vahu's of Nos. and 
6 were still higher, indicating some benefit from the' vitamin I) in tlu' 
hay. Hmvever, by F('bruary 21 the calcium values for these pigs 
we!e again lower. Pisrs 8 and (i were continued on this ration until 
the close of the experiment on March I without any noticeable im- 
provement in the rachitic condition. 

The fact that lot 8 receiving ration 8, high in calcium and phos- 
phorus, showe<l no need for vitamin D at the time the attempt to bring 
about recovery in lot 1 by means of alfalfa hav was meeting with 
failure, seemed to ituheate that pigs recpiire little if any vitamin I) 
when receiving sufficiently high concentrations of calcium and pho.s- 
phorus in the rations, and that, tlierefore, it sliould b(> possil)Ie to 
cure rickets by feeding such a ration. Accordingly, on P'(>bruary 8, 
pigs 2 and 5 w(‘re given ration 8. This did jiot improve* their con- 
dition, which instead, became progressively worse; No. 2 Inid to be 
removed from the expe-riment 1 week later and by March 1 No. .f) 
had lost 6 pounds. Since pigs 1 and 7 had become slight Iv rachitic, 
as shown by reductions of blood-plasma calcium to 9.05 mg. and 9.14 
mg., respectively, they too were changed to tlu* high mineral ration 
on Febniary 8, but the change was without benefit as shown by further 
reductions of blood-plasma calcium on February 21 to 8.94 ‘mg. and 
7.28 mg., respectively. Pigs 8 and 0 were chaiiged to this ration on 
rebi’uary 21 and continued on it' until the close of the experiment on 
March 1, but the change was likewise without benefit. 

In order to test the value of winter sunshine for curing rickets, the 
five pigs m lot 2 were given solar irradiation, beginning on January 13. 
For 14 days they received, on an average, approximately 45 minutes 
of irradiation per day. The remarkable benefit of this‘treatment is 
shown by the increase to normal in plasma calcium values on January 
-28- The stiffness exhibited by several of the pigs also disappeared. 

I he use of the high calcium and phosphorus ration 3 for lot 3 was 
distinctly beneficial in reduemg the rate of the utilization of the body 
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stores of vitamin 1). It was not until February 28 that there was any 
evidence from the plasnuj calcium values of a need for this vitamin. 
At that time there was a reduction of plasma calcium in each pig and 
an average reduction of 1.53 mg. for the lot as compared with the 
values on February 7. It is believed that if these pigs had been con- 
tinued on e.xperiment they would eventually have become as rachitic 
as the pigs in lots 2 and ih From the standpoint of practical feeding 
it would be moje costlv to provide rations as high in calcium and 
phosphorus as ration 3 in order to obviate the need for added vitamin 
I) during the months of little sunshine and confinement than to use a 
vitamin I) supplement. This is suggested by the finding that the 
vitamin 1) recjuirement of pigs can be met by forced exposure to winter 
sunshine and by the results with lots 4, 5, and (>, to be discussed later, 
and also by the observation that lot 3 tried to avoid eating tlie bonemcal 
in the ration by allowing it to settle to the bottom of the feeder. 
Bohstedt (2) has also found that rations unusually high in minei'als 
are not conducive to the l>est results with pigs. 

It may be seen from the data in tal)le 5 that lots 4 and 5, which 
received the same rations as lots 1 and 2 excej)! that 5 percent of 
alfalfa containing 0.85 of an International Unit of vitamin 1) per gram 
was imduded, still showed normal plasma calcium values on Fel)niary 
4, 3t:i weeks after lots 1 and 2 were severely rachitic. The pigs in lot (> 
also showed normal ])lasma calcium values at that time. Thsee 
results could be expected in view of the fact that the average hay con- 
sumption of these j)igs was 5.05 percent of their ration and from the 
further fact that they sf)ent sufficient time in their outside rimway to 
receive some exposure to sunshine. In order to facilitate the more 
extensiv(‘ studies w ith lots 1 and 2 the last tliree lots of the experiment 
were discontinued on Februaiy 5. 

It IS apparent from this experiment that })igs retpiire more vitamin 
1) to recover from severe rickets than is required to protect them from 
the disease, even when their bodv stores of the vitamin aj‘e partially 
dephded. It is, therefore, particularly noteworthy that there w as such 
a rapid recovery of the pigs in lot 2 as a result of exposure to January 
sunshine. This finding, agreeing with that of Sloan (5) for poultry in 
the vicinity of Ithaca, V., is of practical importaiK’o in winter swine 
feeding, particularly in view' of the generally accepted belief that w inter 
sunshine is of no value in generating vitamin D in livestock. 

SUMMARY AND CONCLUSION 

The growing pig's requirement for vitamin D was investigated with 
fall-farrowed pigs of the Duroc-fJersey, Hampshire, and Poland China 
breeds in 3 diflerent years. In some of the tests the pigs were allowed 
to become rachitic, as judged by reductions in blood-plasma calcium, 
and were then exposed to winter sunshine or were given alfalfa hay. 
In other tests attempts to provide the needed vitamin 1) were made 
at the beginning of the experimental period by confiniiig the pigs in- 
doors and feeding alfalfa as the source of the vitamin or by allowing them 
voluntary access to an outside runw'ay with or without alfalfa hay. 
Four lots of alfalfa hay, all of which were assayed for vitamin 1) by 
the IT. S. P. XI procedure, were used. The effect of low’, medium, 
and high concentrations of calcium and of phosj)horus on the vitamin 
1) requirement was also studied. 
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It was found that rickets was cured in pigs exposed to January 
sunshine for an average of 45 minutes per pig per day for 2 weeks; 
no tests with shorter exposures were made. Similar results were ob- 
tained in another experiment with pigs exposed to February sunshine. 
Pigs fed indoors and allowed voluntaiy access to an outside runway 
did not receive sufficient solar irradiation during December and Jan- 
uary. When alfalfa, containing 0.39 of an International Unit of 
vitamin D per gram was fed as 5 percent of the ration the pigs became 
rachitic. This condition was cured by using another alfalfa hay con- 
taining 1.4() International Units per gram as 5 percent of the ration. 
This hay provided approximately 200 to 250 International Units of 
vitamin D daily per pig. Pigs receiving an alfalfa hay containing 
0.85 of an International Unit per gram, as 5 percent of the ration, 
did not be(*ome rachitic, although this hay failed to cure rickets at this 
jiercentage of the ration. Pigs allowed access to an outside runway 
and self-fed this alfalfa ate 5.05 percent of their ration as hay and 
did not become rachitic. This lot of hay was cured under ideal con- 
ditions, having been mowed in the forenoon and put in storage the 
afternoon of the next day during which time clear weather prevailed. 
The need for vitamin D was found to be inversely proymrtional to the 
calcium and phospliorus content of the ratioii, at the levels fed in 
these experiments. 

The effectiveness of meeting the pig’s recjuirement for vitamin D 
by feeding alfalfa hay and by allowing a(*cess to winter sunshine would 
depend, of course, upon the extent to which the hay had been exposed 
to sunshine during the curing |)rocess and U])on the amount of sun- 
shine and the severity of the weather during the winter months. 
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MEIOTIC BEHAVIOR OF PHLEOM PRATENSE, PHLEUM 
SUBULATUM, AND THEIR F, HYBRID ‘ 

By W. M. Mykrs 

Genvlicisiy Division of Foragv (Wops and Diseases^ Bureau of Inland Industry, 
t ’nited States Department (tf Agriculture 

INTRODUCTION 

Tli(‘ somatic clironiosomc numt)cr 42 has been n^portcal for the 
AiiKa-icaii or ^^‘ultivatcKr’ timothy (Fhlenm prafen-^e L.) by firetror and 
Sansome (4)f by Avdulow (according to Muntzin^ Ul}), by Miintzing 
(//), and by NordenskicHd (/<S’). Since 14- and 28- chromosome species 
of Phlnun are known, Mihitzin^ {11) concluded that tin* basic numlx'r 
of th(‘ ^enus is 7 and that P. prafense is, consecpiently, a hexaploid. 
(Jre^or and SansonK' (j) and (jrejror (S) obtained 4 hexaploid plants 
from seed produced on triploid Fi plants of the hybrid Phleuni prafense 
(2a~14) X /^ alpimm (2/1-28). One of these plants was cross- 
fertil(‘ with hexaploid P. prafense. On the basis of tlu'se results and 
the chromosoim^ behavior in some plants that he considered to b(‘ 
derivatives of the hybrid I\ prafense (2/1—42) X P. prafense (2/1 — 14), 
Miintzing (11) concluded that lu^xaploid P prafense Inul thegenomatic 
constitution NNAABB, where .V, ^1, and B were dilfen'nt genoiiK's of 
7 chromosomes. This conclusion is further supported by Miint- 
zing’s (11) observation of 21 bivalents at metaphase I in P. prafense 
and by Nordenskibld’s ( 18 ) statennmt that multivahait associations 
wer(‘ not found in this species. In a later paper, Muntzing and Prak- 
ken (IS) did not exclud(‘ the possibility of (juadrivalent formation 
but stat(‘d that such association was very rart‘. On the otiuu* hand, 
Nordenskidld ( 18 ) refiorted that 14 bivahmts 0(‘curr(ul at imdaphase I 
in hybrids (»f /\ prafense (2/1—42) / P. prafense (2/1—14), indicating 
at* least ])artial homology between the chromosomes of 2 of the ge- 
nomes of hexaploid timothy. This conclusion was supported bv tin' 
iiK'iotic behavior in (ill-chromosome plants of P. prafense that Munt- 
zing and Prakken (IS) olitaiinal from twin seedlings. These* plants 
had (*ach g(*nome re[)res<*nted 3 times and, as a result, might have* 
been ex|)ected to show a considerable freijiiency of trivalents and a 
total of 21 trivalents and bivalents. Instead, the authors reported that 
trivalents W(*re rare and that the sum of the trivalents and l/ivalents 
was seldom h'ss than 28. On the basis of these results, they concluded 
that the genomatic constitution of P. prafense is AWAj^l,A2^l2, where 
Ai and Ao an* sufilciently homologous to permit format ion of bivah'nts 
betw(‘(*n chromosomi's of the 2 genomes. 

Tin* object of the investigation reported in tliis paper was to obtain 
further information relative to the genomatic constitution of hexa- 
ploid Phleiitn prafense and the interspt'cific relationships in the 
genus Phlfum. The work was done at the Ihiited States Regional 
Pasture Research liaboratory,*^ State College, Pa. 

> RocoiNed for imhliPHtion January 27, 1941. 

2 Italic niimhcrs in i>arcnthcscs refer to Literature Cited, j) 

3 Muiulaiiied in coo]>eration with the afrricultural experiment stations of the 12 Nortlioast(‘rn States. 
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MATERIAL AND METHODS 

Panicles of a male sterile plant of Phleum praiense were dusted 
with pollen from a i)lant of P. suhulatnm (vSavi) Asclu^rs. and (Traebn., 
and three seeds wen* obtained. All the seeds germinated, and two 
plants ^rew to maturity. The third plant was lost, owing to an acci- 
dent of greenhouse cultun* rather than to any inhenmt weakn(*ss. 
Plants from tin* clom* of tin*- P. prafense parent and from secul produced 
under bag on the P. suhuUitum parent, were grown in the greenhouse 
at the same time as the hybrid plants for use in comparative studies. 

Chromosome numbers of the parents and Fi were determiTied from 
paraffin sectioi^s of root tips prepared in the same manner as described 
previously for Lolium perenne L. (f//). For meiotic studies, fresh 
acetocarmine smear slides were prepared from material fix(*d in acetic 
alcohol. 

EXPERIMENTAL RESULTS 

MEIOSIS IN PHLEUM SUBULATUM 

Determinations from root-tip preparations and from inicrosporo- 
cytes showed that Phleum suhulatum was diploid (2/r" 14). Thirty-six 
si)orocytes at diakinesis and 149 sporocyt(‘s at nu‘taphase T weri* (*x- 
amined, and, of these, 183 (98.9) percent had 7 bival(*nts. In (*ach 
of 2 sporocytes (1.1 percent of those examined) 2 univahaits and 0 
bivalents weri* found. Tin* total chiasma fr(*(|uency in 20 sporocytes 
at metaphase I ranged from 10 to 15, with an average of 12.95 per 
sporocyte, or 1.85 per bivalent. The average fr(*qu(*ncy of t(*rminal 
chiasrnata was 12.5, giving a terminalization coefficient of 0.90. As 
indicated from these data, the majority of bivalents had 2 (*hiasmata, 
1 in each arm, resulting in ring-shaped bivalents. IIow(*ver. on an 
average, 1.35 bivalents per sporocyte were of the open type, i.e., with 
a single chiasma. A sporocyte at metaphase 1 with 7 ring-shap(*d 
bivalents is shown in figure I, Bj while the sporocyte* in figure* 1, 
has 2 open bivalents. Figure* 1, A, show\s a sporocyte at diakine*sis 
with 7 ring-shaped bivalents. In this sporocyte* 1 bivalent lie*s e)n the* 
nucleolus, wdiile the remaining 0 are free from it. Since this w^as a 
re*gular occurremce at diakinesis, it is probable that only 1 meunbe*!* of 
the haploid compleme*nt bears a nucleolus organizer, although this 
conclusion coulel not be verified by stfidie*s e)f midprophase. 

Of 122 sporocyte*s examin(*d at anaphase* T, none show^ed lagging 
univale‘-nts, the distribution in all cases being 7 chromosomes to each 
pole. Likewise^ no evielence of chromosome loss w^as founel at inter- 
phase I. At anaphase 11 some chromosomes lagged; these were left in 
the cytoplasm in one or more cells of 2.47 percent of the 202 (piartcts 
observed. The origin of the lagging univalents at anaphase II was not 
determined. In other species such laggards frequently are daughter 
univalents from chromosomes that had lagged and divided equation- 
ally at anaphase I. Although no laggards wc're observed at anaphasii 
1 in this material, it is possible that examination of a larger number of 
sporocytes would have revealed some lagging univalents. 

MEIOSIS IN PHLEUM PRATENSE 

Attempts to study midprophase in Phleum praiense were only 
partially successful. Pairing appeared to be predominantly as biva- 
lents, although occasional exchanges of partners were observed. It 
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Figukb 1. — Ay Diakinesis in Phleum subulatum, /i, niolaphase I in F. aubulatum 
with 7 ring-shaiXMl i)ival(Mit.s; C’, inetaphast‘ I in P, subulaium ^\itll 2 opoii 
bivalents; D, niidprophase in F. pratnise, tlie arrows at ri indioatinp; 
nueleolns orfsaiiizers; r, centromere; and py phenolic knobs; Ey diakinesis in P. 
/imfcwsc with 21 bivalents; P, diakinesis in P. pratense slnnN ing cpiadrivalent 
at df diakinesis in sporocyte of P. pratense with 84 chromosomes; //, dia- 
kinesis in sporocyte oi P. pratense with 12() chromosomes. X SoO. 
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was not possible to analyze a complete miclens in any case. Figure 1, 
Df shows the most satisfactory preparation obtained. Three chromo- 
somes were attaclied to the nucleolus by dark-staining bodies (indicated 
by arrows at n in fig. 1, />) similar in appearance to the nucleolus organ- 
izer reported in maize by McClintoek (10). The nucleolus organizer 
was located in the short arm of each chromosome approximately mid- 
way between tl)e centromere (located at c in fig. 1, D) and the end of 
the chromosome. Thesc^ three nucleolar chromosomes appeared to be 
approximately alike in total length and in relative length of the two 
arms. Three other chromosomes each had a pycnotic knob (two 
shown at p in tig. 1 , D) similar to the knobs on the maize chromosomes 
(,9). Lik(*wise, these three' chromosomes wcr(» alike^ in total lengt h and 
arm length ratio. Apparently at least two of the seven chromosomes 
in each genome are similarly represented in (‘acli of the three g(?nomes. 

The type of chromosomal association was determined in 72 sporo- 
cytes at diakinesis. Of these, 33.3 percent had 21 bivalents (fig. 1, K ) ; 
2.8 percent had 20 bivalents plus 2 univalents; 34.7 percent had 19 
bivalents plus 1 quadrivalent (fig. 1, F, the quadrivalent at a); 23.r) 
percent had 17 bivalents plus 2 quadrivalents; and 5.0 percent had 15 
bivalents plus 3 quadrivalents. In addition to these 72 sporoeytes, 
many more wen* (examined for which a complete analysis was not pos- 
sible. Among these a few sporocyt('S with 4 quadrivalents wen* sinni, 
but none with nion^ than 4 was foimd. 

It was not possible with the material available to make an aeeuratci 
determination of ehiasma fn'queiiey, but it appemred to be relatively 
low. About one-half of the bivalents were of th(‘ opeiii type with a 
ehiasma in only one arm. In a majority of the bivalents the ehiasimita 
were terminal or subterminal, but in otluirs they were' clearly int(‘r- 
stitial (fig. 1, K and F). Whether these latter eases indicate a partial 
tendency for localization of the chiasmata could not ho determiiu'd. 

Two sporocytes at^ diakinesis were found that had 84 and 120 
chromosomes respectively (fig. 1, and II). Apparently these' sporo- 
cytes had resulted from chromosomal reduplication in piH'UU'iotie 
divisions. In the former the chromosomal association was Ivrn I 4iv 
+ 30ii, while in the latter it was lviii“f 3Tv + 53n. Although each of t he 
3 genomes must have been present 4 and 0 tiin(‘S respectively in the 
2 sporocytes, pairing was still predominantly as bivalents, indicating 
that polyvalent association does not necessarily follow in this s[)ecies 
as a result of the presence of more than 2 homologous ehrornosouK's. 

In the sporocytes that were examined at diakinesis, at h'ast thrt'e 
bivalents or one bivalent and one' quadrivalent w^ere alw^ays touching 
the nucleolus. This wmuld be expeet('d from the obs(*rvation at mid- 
prophase of tlm'c chromosome pairs with nuch'olus organizers. 

MEIOSIS IN PHLEUM PRATENSE X P. SUBULATE M 

From root-tip preparations the chromosome' number of the 2 sur- 
viving plants was found to be 28, confirming the supposition that they 
were hybrids that had re'sulted from the union of reduced gametes 
from the parental species. 

The frequency of bivalents and univalents W’^as determined in 21 
sporocytes at metaphase I. These varied from 7 bivalents plus 14 
univalents to 12 bivalents plus 4 univalents, averaging 9.43 bivalents 
and 9.05 univalents per sporocyte. Of the bivalents observed, 41.9 
percent were of the open type as compared with 19.3 percent of the 
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open type in Phleum mbulaturn. The average' chiasma frequency was 
1 .6() peu* bivalent in th(‘ hybrid as compare'd with 1 .85 in P. svbijfatnm. 
In addition to the sporocytes that wen* analyzed in detail, numerous 
otlu'rs were' ('xamine'd, and none was found with less than 4 univaleuits. 
Also, no associations other than univalents or bivak'iits we^rc' obse'rve'd. 
The univalents were oriented along with the bivah'nts in a regular 
manner on the (‘({uatorial plane (fig. 2, A). Only rare'ly was a univalent 
found lying in the' cytoplasm se)me distance' from the' rnelaphase 
plate' (fig. 2, B). 

Lagging univale'nts that were unelergenng equational elivisie)ns were 
founel in all anaphase 1 sporot eye's that we're* obse'rved. Two anaphase 

I sporocyte's are sl\e)wn lying adjacent te) metaphase 1 spore)cyte'S in 
figure 2, B; while' figure* 2, (\ she)ws aeljace'iit anaphase 1 anel anaphase 

II spe)rocvtes. The av(*rage fre'que*ncy of lagging anel elivieling univa- 
le'nts in 21 anaphase* I sporocytes was 8.9, a value slightly but pre)bably 
not significantly le)wer than the ave'rage* nuinbe'r of unpaireel chromo- 
some's at metaphase* I. Ap|)are'ntly me)st of the me'ta<phase 1 univale'nts 
lag anel diviele* at anaphase' 1. A dice'iitric bridge anel ace'ntric frag- 
ment (fig. 2, I)) we're* founel in 2 e)f the 21 anaphase 1 sporoewte's, while 
in 1 ce'll 2 elie-e'iitric brielge's anel 2 ae*e'ntric fragme'iits oe*e*urre'd. Chre)- 
matin brielge's anel ae*entric fragments were also se'e'n in sporoe*yte'S at 
te'le)phase* I (fig. 2, K)^ altheiugh the freeiue'iu'y at this stage was not 
deterniiiK'el. 

Stuelie's e)f inte'rphase I inelicate'd that a majority e)f the daughter 
half e*hre)me)some*s freim lagging anel elivieling univalents at anaphase* I 
arrive'el at the f)ole's in time to be incluele'el in the daughte'r nue*lei. If 
neme of the half chre)me)se)ines fremi the anaphase 1 laggarels were in- 
cluele'el in the' elaughter nuclei, the fre'ejuene*y e)f edirennosemu's in the 
e’vteiplasm at interphase* 1 should be twie’e* the fre'ejuency of lagging 
univale'nts at anaphase I. Inste'ael, no e*hre)mose)me's were* founel in the 
e*vte)plasm in 2(i.(S pere*ent eif the* inte'rphase 1 spore)e*vte's ('xamine*el. 
The* greate'st number of chreurmsomc's in the e*ytoplasm in any sporo- 
cyte* was five, twe) in one* e*('ll anel three in the* other, e)r eine in one e‘e'11 
and four in the* other. Only 7.3 peire'nt of the spe)rocyte's we're* of these 
twe) type's. A chreimatin brielge anel acentric fragme*nt we're* fe)und in 
14.6 perce'ul of the inte'rphase 1 sporoe*vte's. This value approximate's 
cle)se*ly the 14.3 perce'nt of anaphase I sporocyte*s with dice'ntrie* bridge's 
anel acentric fragments. 

At metaphase* II a majenity of the daughte*r univale'nts had e*on- 
gre'sse'el in a ne)rmal manner, be'ing oriente'el e)n the* metaphase plate 
along wdth the e*Jire)mosome)S that hael re'sulte'el from disjunctie)n of the* 
metaphase 1 bivalents. How eve'r, the e*ongre'ssion was not complete in 
all sporocytes. in 89.1 pere'e*nt of the 46 sporocyte'.s e'xamined, 1 or 
more daughte'r univalents w^ere lying at some elistance from the meta- 
phase II plate (fig. 2, F). In most case's tlu'se* elaughter univale'nts we're 
near one of the pole's and apparently we're in a position to be* inclueled 
in one of the quartet nucle'i. 

Lagging univalents occurred in all anaphase II sporocytc's that 
were obse'rve'd (6g. 2, Owing to a te'nde'ncy for these univalents to 
clump badly, e'xact dete'rminations of the'ir number wen* impossible 
('xce'pt in a few sporocyte's. In the>se, the number of laggarels varied 
from 7 to 12 in e'ach cell of the sporocyte. It se'ems probable that the'se 
laggarels we^re the daughter imivafents from anaphase I laggards. 
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Figure 2. MciosiB in Phleum praienae X P. subulatum: Metaphase 1; 

adjacent rnetaphase I and anaphase I sporoeytes; C, adjacent anaphase J and 
anaphase II sporoeytes; D, anaphase I with dicentric bridge; E, telopliase 
I with dicentric bridge and acentric fragment; F, nietaphase II; G, telophase II: 
//, /, J, K, quartets. X 850 » u > 
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The (lata on tlu'ir fn^qiu'ncy wcw too liinitcnl to [XTinit a (l('t(*rmin«tion 
of wliat proportion of tlu* (laujrbtcx’ univalents lajrj^ed at anapliase II. 

Qiiart('t formation was so iriTgular that statistical analysis was not 
pcissihlc. Chromatin clumj)s or rnicronuclci wcr(» found in all quartets 
(fi^. 2, G to K). Some of tlu'se chromatin clumps app(‘ared to he single 
daiighUu* univahaits, while others apparently consisted of two or more 
univalcMits that had clumpcHl togetlna*. Sporocyt(‘s in which the 
univahaits fornu'd a mi(‘ronucleus midway hetwern the (piartid nuclei 
(fig. 2, G) wer(‘ common. Frequently this chromatin clump had been 
cut in two by tlu^ cell wall formation (fig. 2, /), but in other sporocyti^s 
wall formation was inhibitt'd, resulting in two or thrtx* cells inst(‘ad 
of the normal four. In rare instance's one c(‘ll of the cpiartet luul a 
normal-appc'aring nuch'us not ac(*ompani('d by micronuclei or chroma- 
tin clum|)s (fig. 2, K), 


MORPHOLOGY AND FERTILITY 

Th(‘ panMital spc'cic's us(hI in this study liave been (h'seribed by 
Hitchcock (/>). Excejit in r('sp('Ct to the following thn'c (‘haracteristi(‘s, 



Fkjcre 3 -.1, Phlcuffi pfatense, B, P. prafense X suhNlatum, C. P tfubulatum. 

tin* Fi plants were indistinguishable morpliologically from Phlntm pra-- 
tense, as might b<* (*xp(*cted from the fact that tliis jian'iit contributed 21 
of the 28 chromosonn'S. (1) Prior to the initiation of flowering culms the 
hybrid plants had more basal l(*aves than the P. pratense parent (fig. 3), 
but since variability in this charact(*r occurs b(*twt*en pots of the same 
clone und(*r gr(‘(*nhouse conditions, and since* the comparison was bt*- 
tw(*en hybrid plants from s(*(*d and paiviital plants from (donc's, this 
difference may not be significant . (2) Tin* hybrid plant maintaiiu'd 
gr(*ater l(*af growth during and following seed production than either 
pari'iit. P, prafense, under both fn*ld and gr(*(*nhouse culture, has 
spars(* l(*af gi*ow th at this stage, while P. suhulafuw is an annual and 
du*s as soon as the s(*ed is mature. (3) In the r(*d coloring of the 
glunu's and pcxlunch's the hybrids W(*r(* int(*rmediate betweem P, 
pratensef wdiich lack(*d such coloring, and sybvlatutnj on which the 
glumes and peduncles wu*r(* dark red, almost purple. 

The hybrid plants w'(»re completely male st(*rile, as might be (*xp('ct(Hl 
from their meiotic b(*havior. Young microspores rarely appeared 
normal, and the anthers were never observed to dehisce. Three pani- 
cles of the hybrid were (*nclos(*d under bags for selling, but no s(*eds 
were set. fiight other panicles wuu*e pollinated with pollen from 
normal P, praterise^ and 27 scchIs, an average of 3.38 seeds per panich', 
were obtained. 

424777 - 41 3 
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DISCUSSION 

Tlu' bivalont fnK|U(‘nry in iho hyl)ri(i plants could be accounted for 
in 3 ways: (1) One genome of PhJeuin prate nse is homologous with 
the genouH' of 1\ subnlafnm^ and tlie other 2 g(‘nomes of F. pra- 
terise are partially homologous; (2) only partial homology exists be- 
tW(H‘n 1 genome of I\ pratense and the genome of P, suhnlaium, while 
the other 2 g(*nonies of P, pratense are cornplidely homologous; (3) 
only partial homology ('xists betwwn 1 P. pratense g(‘noin(» and tin* 
g(*nonn‘ of P. subulaium as well as between the 2 remaining g(*noines of 
P, pratense. It is impossible from the data available to d(*tern)ine 
which of these* explanations is the corre(*t one. Some evidence for the 
first is that the maximum number of (luadrivah'nts observed in 1\ 
pratense was 4, while the maximum numb(*r of bivah'ots in tin* hybrid 
was 12, or 5 more than would be accounted for by pairing l)(*tw(*(*n 
P. pratense and P, subulatam chromosomes. 

On the basis of tin* 1^*81111^ reported by Nord(*nskibld (IS) and 
Miintzing and Prakken (13)y the s(*cond explanation se(*ms mon* logi- 
cal. However, if tin* hypothesis of complete homology between 
chromosomi‘S of t^vo genomes of Phlenm pratense is acc(*pt(*d, it is 
necessary to account for tin* knv fre(pn*ncy of (|uadrival(‘nt formation 
in normal plants of this species. This ((iK'stion has b(*.en discuss(*d 
thoroughly by Mi'mtzing and Prakken {Uh. Little furtln*r discussion 
is w^arranb'd at ])resent except to point out that in tin* ])lant of P. 
pratense used in this study tin* cpiadrivalent fr(‘(|U(*ncy was higher 
and tin* chiasma fr(‘(|U(*ncy lower than in tin* mat(*rial us(‘(l by Nonli'n- 
skirdd {1H) or by Miintzing and Prakk(*n {13). Obviously, a mon* (*x- 
lensiv(' study of [)lants of P. pratense is desirabh*. 

Miintzing and Prakken {13) raised the (piestion whetln'r the cluomo- 
somes of tin* two homologous genomes of Phlenm pratense normally 
associate* as bivalents in particular pairs or wln*th(*r bivalent formation 
was at raudorn among each set of four hornologues. (h'itical cytologi- 
cal (‘vidence* cannot be obtained on this (piestion. On tin* otln*r hand, 
the g(*neti(*al cons(*qu(*nc(*s of the twm types of jiairing will In* diff(*r(‘nt. 
There is, however, a paucity of g(*netical data for P. pratense. Barker 
and Hay(*s {1) obtain(*d 3:1 ratios for ivaction to rust among inbr(*(l 
progcni(*s, and Proytehotf (according to Horsfall (6*)) obtaiin*d similar 
r(*sults. Lik(*wise, Myers and Chilton (unpublisln*d data), in studi(‘s 
of hybrid pofiulations involving rust-ri*sistant par(*nts, obtaiin'd ratios 
of 3:1 in crosses of insist ant X n^sistant, and rat ios of 1:1 in crossc's of 
ivsistant X susceptible plants. lhiforlunal(*ly, this (*vidence is lu'ga- 
tive, and limit(*d negative evidence from prog(*ni('s of plants from 
op(*n-pollinat.ed populations is us('l(*ss in solving this particular jirob- 
lem, since an allotetraploid of the constitution will produce* 

progenies in tin* same phenotypic ratios as will an autot(*traploid of 
the ci^Dstitution Aaa<i, 

The behavior of the univahmts at metaphase I in the hybrid plants 
reported in this‘ paper differs from the usual bi*havior of unpaired 
chromosonK^s. According to Darlington {£), Jenkin and Thomas (7), 
L(?van {8)y and others, univahmts usually li(* outside of the spindle at 
metaphase I and either do not congn'ss or do so later than tin* bivalents. 
In the Phleum pratense X F. subnlatum hybrid the univalents wen^ 
lying in the equatorial plane along with the bivaUmts. In this inspect 
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ilie behavior r(*s(‘mb]es that n^porled by Levan (8) for tlie univalents 
in asyna[)tie Allium amplfctens. 

1 n his studies of a leloeenl rie eliroinosoine in maiz(', Rhoades (20) sug- 
gest ed that lh(‘ univalcMits that eonj^ressed divid(‘d equationally at ana- 
phase I. This (‘onelusion is supported by the results obtained by the 
writer. In the hybrid i‘e])ort('d in this ])aper, tlu^ univah'iits had con- 
gress(*(l at in(‘taphas(' I, and tlie averajre fre(|U(Uiey of dividinj^ univa- 
l(‘nts at anaphas(‘ 1 was almost (Kpial to the average numl)er of unpaired 
ehromosornes at m(‘taphas(‘ I. On tlie othei’ hand, in Lollurn perenuf y 
Myers (15) found a low(‘r frcKjueney of dividing univah^nts at anaphase 
I than of unpair(‘d ehroinosojiies at nu'taphase 1. Jn these plants the 
eonp'(‘Ssion of univahaits was not eomplet(‘. 

Th(‘ oeeurr(‘ne(' of two dicentric* bridjj^es and aecmtrie fragments at 
ana])has(‘ 1 in tin* hybrid plants indicates that at haist two of the biva- 
l(*nts W(M*(* het(‘rozygoiis for an inversion. These inversions could have 
been jirc'ScMit (‘itlua* in tin* l)ival(‘nts resulting from pairing of Phleum 
praletisf and J\ xub)ilatum chromosome's or in those resulting from 
autosyndc'sis of P. j)rairnsr chromosonu'S. In (‘illuT case* the prc'sc'uce 
of invc'isions dex's not necessarily represcait a phase' in the diffei’eaitia- 
tion be'twe'e'ii the* two spe‘cie‘s or betw(*en ge'uome's of P. prafenne. 
Miintzing (/^), Mye'rs and Hill (/6', /7), Myers ilo), and ()stergren 
(//y) have' re'pente'd the* e'eimmon occui’rc'nce of |)lants eif normally 
cre)ss-pollinat(‘el spe*ci('s that are* hetc‘re)zygous fe)r inversions. It was 
not dete‘rmine*d whe'ther e)r ne)t the P. prati plant used in this inve's- 
ligation was he‘t(*rozygous fe)r one* or more* inve‘rsions. 

SUMMARY 

The 14 chromosome's of Phleum subulafum normally we*re‘ associate'd 
as 7 bivah'iits at diakine*sis and metaphase* 1. In 1.1 percent of the 
sporoe*yle*s h bivale*nts plus 2 univalents we're pre'se'ut. The ave'rage 
chiasma fr('e|ii('ne*y at metaphase 1 was 1 .(So pe'r bivalent. Anaphase 1 
was re'gular, l)ut at anaphase* II some* lagging univale'nts occurred, 
resulting in e*hreune)se)me‘s be'ing le*ft in the* cytoplasm in 2.47 pe'rcent of 
the epiarte'ts. 

In Phleum pralensi , at eliakine*sis, perce'iit of the sp()rO(*yte'S 

had 21 bivalents anel 2.S ])e'rce*nt had 20 l)ivale*nts plus 2 univale*nts. 
The* remaining (>3.0 |)ercent had 1 te) 3 eiuaelrivalents ])lus U) to 15 
bivalents. Feiur ejuadrivalents we're obse*rve*el rarely. The chiasma 
fre*e|ue'ncy was low, and abeiut one-half of tin* bivalents hael a chiasma 
in emly 1 arm. 

The'hybriel plants {Phleum prateime X /^ f<ubulatum) had 28 chromo- 
some's. At me'taphase I the chromosomal associatie)n range*d from 7 
bivalents plus 14 univalents to 12 bivalents plus 4 univalents, averag- 
ing 9.43 bivale'iits and 9.05 univale'nts per spore)cyte. The univale'nts 
w’ere oriented in a re'gular manner on the exjuatorial plane. Lagging 
univale'nts unelergoing ('(piational division were* foune] in all anaphase 
I sporocytes, the averages being 8.9. At metaphase* II a majority 
e)f the daughter univalents congressed ne)rmally but eliel not elivielo 
at anaphase 11. Laggards occurred at anaphase 11 in all sporo(\ytes, 
rc'sulting in irre'gular quartet formation. 

Morphologically the hybrid close'ly reseunbleel Phleum praferme. The 
hybrid was completely male sterile, since the anthe'rs did not dehisce, 
but was partially ft'inalc' fertile with P. prateme |)ollen. 



658 


Journal of Agricultural Remirch 


Vol. 03, No. 11 


LITERATURE CITED 

(1) Bahkeu, n. D., and Ha\EvS, H. K. 

1924. RTiftT RKSis'rAN(’K JN TIMOTHY. Phyto])atholoi?y 14: [363] 371, 
illdH. 

(2) Darlinoton, C. D. 

1937. RECENT ADVANCEfl IN (’YTOLOGY. Ed. 2, 671 pp., illus. Phila- 
delphia. 

(3) Oreo OR, ,1. W. 

1931. EXPERIMENTAL DBLIMITAllON OP HPEI’IES. N(*W Phvtol. 30: 204- 
217, illus. 

(4) aiifl Sansome, F. W. 

1930. EXPERIMENTS on THE GENETICS OP WILD POPULATIONS. II. PHLEUM 
PRATENSB L. and the hybrid P. PRATENKE L. X p. ALPINUM L. 

Jour. Cenot. 22; [3731 387, ilhis. 

(6) Hit(ui<’0(’K, a. S. 

1935. MANUAL OP THE GRASSES OP THE UNITED STATES. V. S. Dc])!. Ajj;r. 

Misc. Pul). 200, 1,040 pp., illus. 

(6) Horsfall, James G. 

1930. A STUDY OP MEADOW (‘ROP DISEASES IN NEW YORK. N. Y. (Corucll) 

Agr. Kxpt. Sta. Mem. 130, 139 pp., illus. 

(7) Jen KIN, T. J., and Thomas, P. T. 

1939. INTEUSPE(’1P1(' AND INTERiiENERK’ HYBRIDS IN HKRHAC’.E (]R ASSES 

III LOLfUM LOLIACEUM AND LOLIUM RKJIDUM JoUP. G(‘n(‘t. 37: 

[2551-286, illus. 

(8) Levan, Albert. 

1940. THE <’YTOLO(JY OP ALLllTM AMPLEl’TENS AND THE (X'CURRENCE IN 

NATURE OF ITS ASYNAPsis. Hcroditas 26: (353]-394, illus. 

(9) McClintock, Barbara. 

1933. THE ASSOCIATION OP NON HOMOLOGOUS PARTS OP CHROMOSOMES IN 

THE MID-PROPHASE OP MEIOSI8 IN ZEA MAYS. ZtsClir. f. Zellforsch. 

u. Mikros. Anal. 19. [191] 237, illus. 

( 10 ) 

1934. THE RELATION OP A PARTICULAR ( HROMOSOMAL ELEMENT T(f THE 

DEVELOPMENT OP THE NUf'LEOLI IN ZEA M\YS Ztschr. f. Zt‘ll- 

forsch. u. Mikros. Anat. 21. (2941-32S, illus. 

(11) Muntzing, Arne. 

1935. CYTO-GENETIC studies on hybrids between two PHLEUM SPEC IES. 

Hcroditas 20 [103]- 136, illus. 

( 12 ) 

1939. ( HROMOSOMENABERRATIONEN BEI PPLANZEN UND HIRE (iENETISC’HE 

wiKKiJNG. Ztschr. f. Induktivo Abstaium. u. Vororl)ungslohro 
76; [3231-351, illiLs. 

(13) and Prakken, R. 

1940. THE MODE OK CHROMOSOME PAIRING IN PULEITM TWINS WITH CKI 

( HROMOSOMER AND ITS CYTOGENETK’ CONSEgUEN(’ES. HorodltaS 

26: 463-501, illus. 

(14) Myers, W. M. 

1939. C’OLCHICINE INDUCED TETRAPLOIDY IN PERENNIAL RYEGRASS, 

LOLIUM PERENNE L. Jour. Horod. 30: 499-504, illus. 

(15) 

1941. VARIATIONS IN ('HROMOSOMAL BEHAVIOR DURING MEIOSIS AMONG 

PLANis OF LOLIUM PERENNE L. (Vtologia 11: 388-406, illus. 

(16) and Hill, Helen 1). 

1940. IHE ASSOCIATION AND BFIJAVIOR OF CHROMOSOMES IN AUTOTF.TRA- 

PLOID GRAssp-s. (Abstract) Genetics 25; 129. 

(17) and Hill, Helen I). 

1940. STUDIES OP CHROMOSOMAL ASSOCIATION AND BEHAVIOR AND THE 
OCCURRENCE OF ANEUPIOIDY IN THE AUTOTETRAPLOID GRASS 
SPECUES, ORCHARD GRASS, TALL OAT GRASS, AND CRESTED WHEAl- 

GRA.SS. But. Gaz. 102: 23tv-255, illus. 



Dec 1 , \m Melotlc Behavior of P, pratense and I\ mihulatum 659 


(18) Noiij)Jinski(*)li), Hedda. 

1937. INTKA- AND IN'I EKSPEflFir HYBRIDS OF PHLEUM PHATENSK AND P. 
ALPiNUM. Horoflitas 23: [304]- 310, illus. 

(19) OsTERCiKEN, (1. 

1940. rVTOLOOY of AOROPYRON JrNCElIM, A. RKPFNS AND THEIR SPON- 
TANEOUS HYBRIDS. Horoditas 20: [SOoJ-SlO, illus. 

(20) Rhoades, M. M. 

1940. STUDIES OF A TELOf'ENTRir CHROMOSOME IN MAIZE WITH REFER- 
ENCE TO THE STABILITY OF I'lS CENTROMERE. GclK'ticS 25: 

[183] 520, illus. 




GENETIC STUDIES OF VARIEGATION IN SNAP BEANS ' 

Hy 11. h. Wade 

Seriiitr geneticial, Divinion of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, I niied Slates Department of Agriculture 

INTRODUCTION 

SiiK*(‘ tlio inlrodiiclion of Wisconsin Kcfii^oc and Idaho 
beans (Phaseolm ruUjarl^ L.) in 19:^4 thoro have bcMMi many comincnts 
conc(‘rnin^ variopition in those variolios (4)- ^ and a partial ^onotio 

oxj)lanation of this or a related condition (7). Tlie (jccnrrence of 
vari(‘^ations in c(a‘tain bn^'din^ stocks at tlu' Unit(‘d Statics Regional 
Y('<y(4abh' Br(‘(‘dinj^ Laboratory at CMiarl(‘ston, S. (\, lias made it 
necessary to furth(‘r attention to th(‘ problem of vaib'^ation. 

MATP]RIAL AND METHODS 

In the s])rin^ of 19.‘h) a vari(‘pition occurn‘d in a stock of V . wS. No. 5 
R(du^(‘(\ This ])lant was iindoubtiMlly of hybrid orij^in, b(*(*aiise many 
of its charact(‘rist ics W(‘re ditfenait from V. S. No. 5 K(‘fugee, and its 
jiro^eny s(‘^r(‘^ated for se(‘d color, pod color (wax and ^reen), size 
of |)ods, and plant siz(‘. This material, which was of value* for bre(‘d- 
in^' puj‘))oses, was later use'd in crosses. 

As varie'^ation normally do(‘s not occur in V. S. No. 5 R(*fuge(‘, it is 
possible* that the* varie*<>:a(e*el ])lant came from a me‘chanical mixture* 
of semie* hybriels de*rive*d freun cre)sse*s with strains of C^'orbett Refugee. 
Wise*onsin Refu<i:e‘(‘ anel lelahe) Re*fuj^e*e*, whie*h normally show varie*^a- 
tiem. we*re ele'rive»el freun e*re)sse‘s of Strin^le*ss (lre*e‘n Re*fu<re*e‘ with (\n*- 
be*tt Re*fu^*e'e', and in many e*ase*s the* hybriels carrie*el by the* Unite*el 
State's l)e*partme*nt eif Agrie'idture* at (iree*le*y, Cedo., showeel varie*D:a- 
tieui if (\)rbett Re'fu^ee was euie of the* jiare'iits. 

The* pure line* of tlu* varie'gat<*el strain was cre)sse*el reciprocally with 
Blae'k Vale*ntine*, anel e)f)se*rvations we*re made* in the Fj, Fi>, and 
F 4 <>:e'ne*rations. As previous e*xperie*nce* with varie*ii:ation in (\irbett 
Refu^e*e* had shown that it was diflicult to evaluate*, the* e*xpe*riment 
was set up in such a way as te) ceuitred variability as much as jieissible. 
The* Fi and F_> plants wen* cove*re'd with che*e*seM*loth at bteieunmir time 
te) shut e)ut insee*ts, and note's we*re* take*n at least lhre*e* time's elurin^ 
the life* eif a ])lant to be* sure* that the* infe)rmat ie)n e)btaine*d was accu- 
rate*. Fj plants we*re* space'd 3 fee*t apart in :Lfe)e)t rows, Fj sce'ds 1 
fe)e)t apart, and F 3 and 1% se*e*ds (> inche's apart in :Lfe)e)t rows. The* 
smalh'st F 3 family e*onsiste*d of :I9 plants and the* ave'ra^e numbe*r ])e*r 
Fa anel Ft family was ove*r (iO plants. 

' ior nuhlicMlioti Krliruaiv 13, 1911 This work was perfonnod uridor an allotment from the 

Special Research Fund autlmnml hy Title I of the Bankhead-Jones Act of June 29, 193r) 
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All plants woro fiold-grown ('xcopt part of those grown to study 
the influ(‘nr(‘ of environnn'nt on variegation (see tabl(‘ 3). The seeds 
for these t(‘sts w(‘re geririinat(ul on blotters and transf(*rred to green- 
house soil as soon as roots had reached a length of about an inch. 
The plants wove spaced 0 irudn^s apart in rows 12 inches wid(', and up 
to blooming tinn* three* s(‘t.s of notes were tak(‘n on d('gr(*e of variega- 
tion. In compiling the data the* greatest degnu* of variegation noted 
for a plant was used. 

The variegation discussed h(‘r(‘in rang(‘d from verv severe (fig. 1,/1) 
to very niild (fig. \ ,K). Variegation rarely occurr(‘d in the primary 
leaves, but any trifoliate l(‘av(*s produceHl up to blooming time might 
show it. Aft(*r blooming the vari(*gation tended to b(*come l(‘ss 
distinct, and onlv rarelv did anv leaves prodiiC(*d after blooming show 
it. The ver y sev(*r(‘ type was not common, but tin* severe type was 
very common. The s(‘V(*r(* type* difiered from tin* very s(*vere in 
that normal or nearly normal branches wer(* put out by plants with tin* 
sev(‘re type* and they ])roduced normal crops, wher(‘as the plants 
labeled v(‘ry seveie* usually died before any pods were produced. 
In plants with tin* very s(*vere and seven* types the vari(*gation ranged 
from a distinct (‘hinn‘ra with d(*formity in some leav(*s to a mild fl(*ck- 
ing in otln*! leaves 1, -1 and B), Plants of the iin'dium, mild, 
and very mild tyi)es had oin* or more variegated l(‘afl(*ts, the variega- 
tion decr(‘asing in int(*nsity as shown in figure* 1, ('\oE. Sometimes 
consid(*iabl(‘ d(‘formity occurr(‘d, but usually only in the first two 
classes. 

In all jdantings tin* two j)arents w(*re cairied as checks. Because 
of the size of famili(*s it was not considered desirable to r(*|)licate, but 
the par(*nts w(*r(‘ plant(‘d at random and no eff(*ct of field location on 
(*xpr(*ssion of vari(*gation was noticed. 

All ratios w(*re subj(*cted to chi-square analysis according to the 
methods of Fisher (i), using Yales’ correedion for continuity, and of 
Matlier (r^), except that in t(*sting for tin* significance of chi square 
beyond 30 d(*grees of fr(*(‘don) tin* approximation of Wilson and 
Hilferty {(i) was used. (\>ntinuity corrections were applied to all 
ratios having 1 degr(*e of freedom for chi-square computations, but 
for accumulated chi-s(|uare values (see tables 1 and 2) uncorrected 
values were added. 

RESULTS 

The Fi plants from the cross of the variegated strain with Black 
Valentine and from the reciprocal showed no variegation. The Fi 
plants were so prolific that only two plants wen* necessary to obtain 
suffici(*nt F 2 seed. 

From the Fj plants 2 s(*ts of results w(‘re record(*d, 1 from tin* cross 
in which the variegat(*d strain was used as the female paivnt (desig- 
nated line A) and tin* otln*r from the r(*ciprocal (d(‘signat(*d line B). 
Both liin*s s(*gr(*gati*d in a ratio of approximat(*ly 27 normal plants to 

EXrL\NATORY LEC.END FOR FIGURE 1. 

Figure 1. — Types of variolation found under ^rowiiif? conditions favorable for 
the variegated parent: .1, Very severe type; B, severe type; T, medium type, 
with very little deformity and most leave.s with none; D, mild type; B, very 
mild type; F, normal (non variegated) leaf. 
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37 variogat(Kl. Table' 1 shows the rc'siilts from iho two linos soparatoly 
and in combination. The combined ratio is 293 normal to 369 
variegated plants, with a nonsignificant chi-s(|uare value. 

From the F 2 plants 220 of line A and 215 of line B were harve'sted 
for seed from the fi(*ld as thc'y occurn'd, without si'lection. From 
these' we're proelue*e'd 124 anel 122 varie'gateel familie's of line's A and 
B, re'spective'ly. These' 240 families we're' (*e)mpe)seel of all variegated 
plants e'xcept for 2 families from line A and 1 from line B, which had 
1 or 2 plants each in which variegation coulel not be dete'cte'el. The'se* 
5 ])lants we*re' pmge'ny-testeel anel found to be pure for the varie'gated 
condition. 

From the 96 normal Fo plants e)f line' A we're obtaineel 5 F3 faniilie^s 
in which all plants we're' normal, 25 with a ratio of 3 ne)rmal to 1 varie'- 
gateel, 40 with a ratio of 9 normal to 7 varie'gate'd, anel 26 with a ratio 
of 27 Jiormal te) 37 varie'gated. Fremi the 93 normal F2 plants of line 
B we're' obtaineel 4 F3 familie'S in which all plants we're' ne)rmal, 22 with 
a 3:1 ratio, 38 with a 9:7 ratio, and 29 with a 27:37 ratio, (^lii-square' 
te'sts applied to the'se data lor line's A aJiel B, singly anel ce)mhine'd, 
show no significant ele'viation from e'xpe'ctation for a 3-factor ratio 
e)f this kind (table 1). 


Tablr 1. — Rv.sults obtained with and F^ proqvniea from the cross varieqat^'d 
X Black Valentine {line ^1) and the reciprocal {line B) 

[Dt'grccs of frc<*(l<)m uol irujicatoa unle.ss more than ]J 
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22 

38 

29 
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9 

47 

78 
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246 

1 

i.945 
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St*o lootiiolos }it end of tnble. 
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Table 1 — Rcsuits ohlairted nilh F 2 aW progenies from the cross variegated 
y Hlacl\ Valentine {line .1) and the rectpiocal (line B ) — 

Kj SE(1RE(.1 \T1N(} PKOdKNlES < > 


Segiegation latio tiiul Iuk' 

' Eiuiiilies 1 
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A ecu in u- ' 
lilted 1 
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' 1,,V»9 1 

17 727** 


' rntjjrrn Irst sliov\(*(l llirsc to Ik- 
^ l‘io^irii\ t^'^f showed lliiNto 1 m‘ nornml 

‘ ."rpjuat loti irtto Fskkmiiiv shown ba.s«‘<l (»n E data, siijn»h‘rncntfd with Fi data for all iloubtfnl (*aM*s 
* Ml E' i»iog«‘ni(*s w itli chi-MiuaK’ \ahics in fxcos.s of i (hH) w'on* Minliod in Ej 
^ Si^niificant at 'i-piTcont Icm'I ** MKiufuunt at l-]M‘r<*«*nt \I1 hi‘ti*roK<*raMt\ chi s(juan*s 

(accuniijlati'cl less pajuilatioii chi sqtiaio occtii within tlic rantic of .Vpcicent to It.Vpcrccni prnbabilit> 
('ontmuits correction was applied to ehi-s»|uare values with I degree of freeclorn, but adrieil chi-Miuarc 
values of 1 d( giee of fieedoiii each for aci’uinulated ehi sqnaie are uncollected 


TUo Fi fninilu's wlion comhint'd for clii-sqiiaro t<*sts for 

])o|)ulaUoiis sho\V(‘(l a dtdicit'ncy of vari(‘^at(‘d plants. Chi stjuart' was 
highly significant in all cast's cxct'pl for the fainiru's coinl)incd 
for lint' A (lahlt' 1 ). 

The accuinulalcd chi-sqnarc saint's for tht' varit)us faniilit's indicate 
that fainilit's sht)win^‘ likt' sc^Tcpitions liatl bt‘(*n coinhint'tl (table 1 ). 
Il(*tt‘roj^t‘ncity chi stjuart's arc not shown in tht' tabh', but in all cast's 
wilt'll tlit'V art' conipntctl by subtracting chi stjuart' for tlu' F3 popula- 
titui frtun the corrt'spontlin^* accuimilatt'd chi stpiart* tlu* values were 
\s it hill tin* rani2:t* of o-pt'rct'iit to Oo-perceiit jirobability. 

As ratios rt*(|uirin^ largt* nuinbers for satisfactory tt'sts art* difricult 
tt) work with on acctuint t)f tin* inability of many plants to set a large 
nuinbt'r of st't'ds^ it was dt'cidt'd to give further attt'iition to sim])ler 
it'sts rt'tpiiring sniallt*r nuinbers. Tlu'ort'tically, in inheritanct' of the 
kind di'scribetl in this papt'r there should bt* thrt't* tyj)es of variegatt'd 
plants arising in connection with the IV.\ ratios. If two of tlu* same 
type an* (*rossed tlu* plants should all be variegati'd and then* should 
be no s(*gr('gation in the Fo geiu*ration, wlu'reas if two of different types 
are cross('d the Fj jilants should be normal and tlu* Fj segregation 
should be 9 normal to 7 varu'gated. Three tyju's of variegati'd plants 
as postulati'd wc'n* recovered and tested in Fi and Fo. All Fi jdants 
vvi're normal. Tlu* F 2 n'sults are given in table* 2. All the ratios 
showc'd nonsignificant deficiency of variegated plants, but when the 
population chi square was computed it excei'ded the 5-p('rcenl level 
of probability. 

Tlu' three variegated types {a, 6, and c) n'covt'ied from the 3:1 
ratios were very difficult to distinguish from each other, but on tlu* 
basis of the most fully vari('gat('d plants from each line they were 
tentatively (h'serilu'd. * Typi' a liad a yellow tin^e, type b was almost 
white in tlu* variegated areas, and type c was intermediate or light 
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yollow. Crosses between these types showed in the 9:7 F 2 ratios 
about the sami' range in amount of variegation as did the 3:1 ratios, 
but on an average tlie variegation eoveri'd a greater amount of leaf 
surface. The thri'i' 9:7 ty])es of ratios obtained by crossing a, b, and 
c in all possible combinations wer<‘ not distinguishable from each other. 
The 27:37 ratio gave variegated plants with somewhat greater varie- 
gation than did tin* 9:7 ratio, liy taking advantage of thi^ fact it 
was possible to distinguish in a prc'liminary way the 3:1, 9:7, and 27:37 
familh's in Fj. By selecting for the most fully variegated plants in 
families segregating 27:37 it was possible to recover the triple recessive. 
This averagc'd heavily vari(*gated with a slight yellowish tinge, and 
in crosses with types a, b, and c it always produced a variegated F, 
and no segregation in F 2 . On the basis of variegation it could not 
be distinguished from tin* original varu'gati'd parent. 


Table 2. — Variegated and normal F2 plania from croHnnq three typen (a, h, and c) 
of varif^galed F3 segregates from a cross of Black Valentine X variegated 


Ooss niimlH'ir and variopiitioii tyiH*s crosst'd 


l(ffXft)--- 

2{hXti) 

3 (aXr) . ... 

4 (eXfl) - 
5(hXr) --- 
OirXh).. 

Total acfumulaU'd x* 
Total poimlation x^- 
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1 V'firifgatctl ' 
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1 . . _ 
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i._. . ! 

9 7 ratio 

! \n rntter 

1 V// mher 1 


1 104 

I 76 

0 171 

! ta 

1 ‘‘‘-2 1 

1 01 s 

106 

66 

2 2HS 

! H4 

60 

264 

; 

54 1 

1197 

. 102 

! 71 ! 

616 

1 

' 

6 444 

671 

i ;iKH ' 

' 1 427* 


Iletoroponoify for degrees of freedom 


^ 1 017 


1 *»:-SiB:nifleaiit at fi-pereent level of probability. 

2 95-perceTit level of probability®^ I 146. 


As the expression of variegation tiu(*tuate(l so much, it was ch^’ided 
to study this uiuh'i* various conditions with seleetcnl strains. Suffi- 
cient seed of each strain was planted to insiin^ at least 50 variegat(»d 
plants in plantings made in the fitdd in both early and late spring and 
in the greenhouse. Deformity of leaves was disn‘gard('d, and a scale 
of values from 1, with only a trace of variegation, up to 20, with about 
25 percent of the total h^af surface variegati'd, was used. The parents, 
th(' recovered triple recessive, C^irbett Refugi'c, and varii^gated plants 
from 3 lines of 3:1 and from 3 lines of 9:7 W(*re observed. The best 
expression of variegation occurred under gre(»n house conditions with 
temperatures between 70° and 80° F.; the next best o(*euiTed in the 
field under (»arly-spriiig conditions (table 3). Lal(*-spring planting 
in the field ri'sulti'd in a reduction of the range as well as of the mean. 
Corbett Refiigt'c was observed to be the* mosti variable in expiT'ssion 
of vaih'gation. IVi field plantings of Corbett Refugee only about 
25 percent show(»d variegation, and this was relatively slight. Under 
gr(‘enhouse conditions, however, all Corbett Refugee plants we're 
varie'gated, and the me'an was very close to the mean of the 3 lines 
carrying double recessives. 
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Table 3. - VorugaiKm in various tgp’^s of variegated plants grown in three different 

environments 

(VarieiiaMon scale of 1 for trace to 20 lor variegation on alwiut 25 iM*rccnt of leaf surface, 50 varicgattul i>lants 

of each strainl 


SI ram 


Black X'aleiitine 
Variegated (original pareni) 

Line of lyfie n from .1 1 ratio 
T-inc of tM)(‘ 5 from 2 1 latio 

Line of typ<' cfroin .1 1 ratio 

Trijilc recessive 

Vai icgatial Irorn 9 7 ratio («X5) 
Variegat(‘d from 9 7 ratio l«Xc) 
Varii'gated from 9 7 latio (^Xn 
(^orbclt Hefugee i 

Significant dilTerence 
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planting 


I Karl> sjiring ( Lalespiing 
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I Range 1 Mean j Hangt' | Mean 
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1-12 

1 IS ! 

" ' i 


2- IS i 

7 4 1 

1-11 

1 19 1 
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12 4 1 

M2 
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3 () 1 

1 1 

. 

2 0 i 
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0 

0 

0 

7 0 

2-20 
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2-20 

10 2 

5 A 

2-20 

10 1 

5 1 

2 20 

10 0 

7 5 

2-20 

14 0 

0 4 

2 20 i 

1 11 H 

0 0 1 

1 2 20 ! 

! 11 0 

(. 2 i 

1 2 20 

‘ 11 2 

2 A 

1 2 15 j 

1 113 

2 A 


i 1 1 


' Data for (’or bet I Rcfugci' arc based (nils on plants sb(»wing variegation (about 25 iiercent of plants 
in field. 100 iierccnt of plants m greenhouse) 


As ov(‘r 2(>, 000 plants wvvo ohscM’vt'd in tlu‘ p‘n(‘ration alona, it 
is r(‘asonabl(' to in({uir(' to what ('xtenl inisclassifirations may liav(' 
<>c(*um‘(i. Table* I shows that of 1,123 plants of tin* vari(*^at('(l paivnt 
liiK*, 2 fail(*(l to show vari(*j^alion, but all tlu* pro^(*ny producod from 
th(‘S(' 2 plants wort* vari(*gat('d. Of a total of 1,004 Bla(*k Val(*ntin(' 
plants, 1 plant shovv(*d a slight loss of (ddorophyll suspiciously like 
a mild \ ari(*j>:ation, but all tlu* offspring w(*r(‘ normal. If th(*s(' (‘rrors 
It'iid to balanct* (*a(*h oth(*r, th(*n th(*r(* is an (*rror of classification of 
about 0.1 p(*rc(*nt, or about 2() plants out of tin* 20,000 observed. 
Three* of 240 vari(*gat(*d famili(*s gave* o nonvarie*gat(^d plants, 
jdl of wliich })roduc(*d vari(*gated progemy. Since* the* 240 familie‘s 
involved had appro.xiinate*ly 15,000 plants, 15 plants would have* 
be*e*n e*xp(*cte*d to be niisclassifie*d on the* basis of 0.1 ()e*rce*nt. 

No natural cre)sse*s we're* eibse*rv<*d e'xc(*pt in the* h\ group of niate*rial, 
indicating that cove*ring Fj and F^ plants with che*("se*cloth at bloe)ming 
time* had be*e*n e*lTe*ctive in shutting out polle*n-carrying inse*cts. 

DISCUSSION 

Tlu* varie'gation re'porte'd Iu*re flu(*tuat<'s a great deal in its e*xpre‘S- 
sion, anel no re*ase)n fe)r this has beH*n founel. De*spite* this fluctuation, 
it has bee*n possible to arrive at a factorial e*xplanation. The normal 
condition is due to the complemunitary action of tlire*e* demiinant 
gene*s, and the* varie'gation is due* to the action of any eif thren* re'cessive* 
g(nu*s. 

No e*vi(le*nce has been pre*s(*nted to show’ tlu* relationship of the 
(k)rbe*tt Re*fug('e type of varie'gation to that report e*d, and attennpts to 
make^- cross(*s of Corbe*tt Refugee w ith the* varie*gat(*el tyj)e*s have faile*d 
in both the* gre*enhouse and the fiedd at Charle*st()n, S. C. Howeve'r, 
there* is the probability that the variegation found in Corbett Refugee 
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and in U. S. No. h R('fu^('o came originally from the same souree, 
since over a pc'riod of years U. S. No. 5 Refugee had not previously 
yielded any variegation, and many lint's of beans involving varit'ga- 
tions derived from (Virbt'tt Refugt'e crosses were being carried at 
Greelt'y, Colo., at the time when the U. S. No. 5 Refugt'e, which lat(*r 
product'd the variegation, was grown there. On many occasions it 
has bt'cn observt'd that crosses bt'twetai Corbett Refiiget' and other 
varit'ties (notably Stringless Green Refiigt'e and Brittle Wax) have 
given rise to progenit's with very distinct variegation. 

Variegations and chimt'ras have been found to behavt' variously in 
genetic studit'S, many of them being due more or less to plasmati(‘ 
inherit anc('. These conditions hav(' recently Ix'en n'viewed by Sirks 
( 5 ) and Join's (2), 

Various sec'dsnu'ii and breeders have report'd that variegations 
in lines derivi'd from CVirbett Ri'fugee b(‘hav(' ])('culiarly from a 
breeding standpoint and that from lines carrying chimeras they have 
been unable to isolate lines breeding true for tlu' normal nonvari(*gat(‘d 
type. If the condition th(*y reported is essentially tin' sann' as the 
one described in this pajx'r and if they were' si'h'cting from an F, 
segregating population they could have expi'cted only 1 plant out of 
()4 to b(' a pure normal; many of the variegations would have' bt'i'ii 
obscured, since* s(*(*dsm('n normally make tlu'ir si'h'ctions 2 or J wi'i'ks 
after blooming time, when variegation is vc'iy didicult to de'tee't. 

It is sugg('sted that se'cdsmen working with crossc's involving such 
a variegation should make their observations sev(*ral times during 
the growth of the plants so as to make sure* that the plants seh'Cted 
do not show any variegation at any time. It is also suggested that 
many selections be made, probably a few hundre'd ratlu'r than a h'w 
dozen, in order to make sure that the desin'd normal typi* is seh'cted, 

CONCLUSIONS AND SUMMARY 

The variegation tn'ated in this paper is diK* to any one of thrt'e rc'ces- 
sive factors, wlu'H'as the normal condition is dm* to the complementary 
action of three dominant genes giving in F, a ratio of 27 normal to 
J7 variegated for the cross of Black Valentine with tlu* original vai le- 
gated strain and the reciprocal cross. This was v(*rifi(‘d from F,, 
F 2 , and F 3 data as w('ll as from some F 4 data for c('rtain variable* F^ 
famiVu's. Intercrosse's of the thn'e* type's of varie'gate'd obtaiiu'd from 
F 3 families se'gre'gating in J :1 ratios gave nonvarie'gate'd F, plants aiul 
ratios of 9 normal to 7 variegated in F>, These* same thre'e* niopo- 
factorial varie*gate'el type's crossed with the* triple re'cessive* gave all 
varie'gated in Fi anel hV ge'iu'rations. 

The varie'gation is e'xpre'sse'd ove'r a wiele range*, fremi only a trae'e 
up t o a very se've're, se'inilethal conditioji. The* range is approxirnate'ly 
the same* for varie'gateel lines due to one*, two, or thre'e factors, but the 
ave'rage amount e)f variegation for three factors is me)re' than for one 
or two, and the average* fe)r twe) more than for one. The relative* e)rde'r 
re'mained the same under favorable gre)wing conditions in the field, 
under unfavorable conditions in tlie fie'ld, and under favorable growing 
conditions in the greenhouse. The best expre'ssion of varie^gation 
was obtained unde'r greemhouse* conditions, and the poorest unde'r un- 
favorable growing conditions in the field. 
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Altof2:other 062 plants and 4:^5 F3 families wore studic^d; the 
180 F3 sepT^atinfj; families consisted of 11,847 plants. lo addition, 
some test crosses of various sejrrefijation tyjx^s and some F3 famili(‘S 
were carried to F4. The plants and families were about equally divid(‘d 
between tlu^ cross and its r(‘(*ipr()cal. F3 population chi squares indi- 
cated a sifi^niticant defici(‘ncy of rec(»ssives in lu^arly all cases. This is 
to be (‘xpected, since in th(‘ veaw seven' form tlu' varie^at('d condition 
do('s not have as ^n'at survival value as do the normal plants. Hetero- 
f^eiH'ily (‘hi-s(|uare values indicated that iji all cases homoi^eru'ous 
j)opulations wen* eonibined for the F3 chi-stpiare tc'sts. 
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A MOSAIC DISEASE OF PRIMULA OBCONICA AND ITS 

CONTROL ■ 


liv C. M. ToMi’KiNs, a^ssistant plant pathologist, and Joim T. Middleton, junior 
plant pathologist, California Agricultural Experiment Station ^ 

INTRODUCTION 

A niostiic (lis(‘as(‘ of Primula obconica Haiico, p-own oxtonsivoly as 
a ])ott(‘(l onunn(‘nial plant in coinniorcial ^naaihousi's in San Fran- 
cisco, was first obs(M‘V('<l in August WM . The incidence of the disease 
on very young to oldiu* scM^dling plants ranged from o to 25 jierc.ent 
and, because' inf(*cted plants could not be marketi'd, seu-ious financial 
loss(‘s wen' incurri'd. 

The H'sults of studn's on transmission, ('xperinn'iital host range, 
and pro|)('rti(‘s of the virus, as well as control of the disease*, are 
])re'sente.‘el in this paper. 

RP]VIEW OF LITERATURE 

That many e'ultivate'el s])e‘cie's eif the ge'ims Primula are* ge'iierally 
susce'ptible te) virus infe'ctiem is indicate'el in the* lite'ralnre*. In addi- 
tiejii te) the' meisaie* elise*ase‘S, the aste'r ye'llow's, e*urly teip, sj)e)tteel W'ilt, 
anel e'e'rtain tobae'e*e) viruse's may e*ause inlVctiein. Sine'e* this jiaper 
(h'als with a, meisaie* elise'ase', emly ])ertine'nt re'fe'rene*e's are listenl. 

In Japan, Fidsushi in 1932 and Hine> {(>) in 1933 re‘(*e)rele*d the 
oe*e*urre‘nce* of a mosaie* elise'ase* on Primula obconica. The latte'r also 
obse'rve'el a similar elise'ase' on P. dcnticulata Sm. 

Smith (13) in Englanel, in 1935, ele'se*ribe'el a virus elise'ase of the 
meisaic type on Primula obconica cause'el by cucumbe'r virus 1. Late'r, 
Smith (1 slate'el that (^ucumin \\v\\^ 1 seime'time's e'aust'd color bre'ak- 
ing e>f the' fle>W'e‘rs anel that othe'r spe'cie's of Primula we're* snsce'ptible. 
Cucumis virus IB, a strain, indue*e*d ^^a pre)ne)une'ed ye'lle)W' and green 
me)ttling.” 

In (le'rmany, Luelwigs (7) and Pape (S) de'se-ribeel very brie*lly a 
virus elise'ase eif Primula obconica without apparently e'stablislnng the 
ieh'iitity e>f the virus. 

The're* are nume*re)iis brie'f re'fe*re'ne*e*s de'aling with mosaic dise'ase's of 
Primula s|)p. gre)wn in gre'e*nhouse'S anel out e)f eloors, but the viruses 
we're neit iele*ntifie'el. In 1920, Anderson et al. (3) mentie)ne'd the 
oce'urrene'e* e)f a mosaic elise'ase of Primula sp. in a Pennsylvania green- 
heuise, while* MartiiP re'coreU'el a similar elisease aftVe*ting se'veral 
hunelre'el plants in a Michigan gre*e'nliouse which re'sulteel in a total 
le)ss to the greiwx'r. Gram (5) anel Yu (W) fenmel mosaic-infected 
primreise's grown out of eleiors. Fhichs (,?), White (/5), and Pirone 
(9) also listeel primrose's as suscc'ptible to meisaic-virus infe'ction, but 
it is ne)t e*lear wlu'the'r the'y re'ferre'd to spe'e'ie's gjowii in gre'e'Jihouse'S 
e>r in the fiedd. 

> U('(Ti\c(l for i)ubliofttioii Fcbiuary -I. 1911 
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Under experimc^ntal eoiiditions, Price (10) succeed(Hl recc'iitJy in 
transferring tin* alfalfa mosaic virus to Primula ohcornca. A descrip- 
tion of th(‘ symptoms was not given. 

SYMPTOMS OF THE DISEASE 

Cliaracteristi(‘ symptoms of the mosaic diseases of Prhnxda obeonica 
plants are b('sl expressed in greenhouses having a humid atmosphere 






riGUiiE 1. — Symptoms produced by a mosaic virus of Primula obeonica on leaves 
of healthy P. obeonica plants after mechanical inoculation in the greenhouse 
at 65° to 70° F.; Ay By Early symptoms, consivsting of a systemic, yellow-green 
mottle; C, numerous, small, circular to irregular, raised, dark-green islands 
frequently occur between and adjacent to the veins on a mottled background; 
Dy coarse, yellow-green mottle on leaf with flat, dark-green islands; /?, a shoe- 
string effect is sometimes produced, in addition to mottling and dark-green 
islands; late symptoms, consisting of F, rugosity of the hiaves; (?, //, 7 cupping 
or ui)ward rolling of the leaves; J, noninociilated control (healthy). 
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and air l(*niporatur(*s ranj*;ing from 65° to 70° F. Altliougli the 
(lisc^aso may affect young to middle-aged plants, it app(‘ai*s most 
commonly in young potted plants (thrc'c to fiv(' leav(‘s). The first 
symptom consists of a systemic, coarse*, ytdlow-green mottle^ of the 
leaves (fig. 1, A, li). With enlargement of the l(‘af area, the mottle 
becomes more^ conspicuous, consisting of numerous, dai’k-gr(*en, circu- 
lar to irregular, raised islands (fig. 1, C)^ ranging in size* from a mere* 
ffe'ck te) 3 to 5 mm. in eliameter, whiedi are* distributeel be‘t\vee*n ami 
aeljace*nt te) the veins anel surrounele‘el by nonraise‘el or flat, light -gre*e*n 
to ye*llow motth'el are*as (fig. 1, Ay li). Infre*e|uently, l(*a\e*s of some 
infe'cted plants show a coarse mottle with flat islands (fig. 1, D). 
Oce'asionally, also, the virus ineluce*s a she)e*string e'flee't at e)r n(*ar the 
tip e)f the* h*af (fig. I, /t). The*se e*flVe‘ts are* in markeel contrast to the 
api)earane'e‘ of a h(*althy leaf (fig. 1, J). 



KJURE 2 , Hn iiijitoiiiN j)r(»(luc(*d l)y a mosaic virus of Pnmuln obconica on llo^^el^s 
of he'altliy /' obcortica oJtinis aft(*r ni(‘cliani(*al inoculation in the greenhouse 
at 60 ° to 70” F.. .1, /^, C, Color breaking of flowers as indicate'cl liy irnigular- 
sha|)<*d, white str(‘aks interspeTsed among areas of normal ])igm(‘ntation; Dy 
noninoculatefl control (h(*alth\). 

With the* e)nse*t of the* elisease*, infe*cte'd plants she)\v a general chleiro- 
sis, marke*ei stunting, and ge*nerally ruge)sity (fig. 1, F)y with an up- 
warel curling or e*upping of the* leave*s (fig. 1, Gy //, I). Some*tim('S the 
cupping is so extre'ine tliat the* e*dge's e>f the* le*af te)ue‘h eae*h othe*r ewer 
the midrib. ()ccasie)na.lly the re*ve*rse e*onelition he)lels, in that the 
centen' of the* le*ave*s bee*e)mes are-he*el anel the eelge*s curl eleiwnward. 
The petioles ami i)e‘dumie*s of infe*cte*el plants aie gre*atly she)rtene*d, 
while the fle)wers are usually much reduce*el in size*. The petals show 
a conspicuous ce)lor breaking or varie*gation as indie*ate'el by irre*gular- 
shapeel, white* streaks intersperse*d among are*as of normal pigim*nta- 
tion, which are me)re distine*t near the base e)f the* petals than at the 
edg(5 (fig. 2, Ay By C), in ce)ntrast to the normal, healthy conditie)n 
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2, D). Tlio most iiotic(‘ab]o color brcakirij^ occurs on deep pink 
or lilac flowers, and frequently the pignu'iits are almost totally de- 
stroyed. On lighter shades, it is difficult, to detect any color change. 
Anotluu’ symptom is a distinct, coarse mottle of the (*alyx. When 
infected plants reach maturity, they have* usually only attained 
about one-fourth the normal size and cannot be marketed (fig. 3, A), 



Fkiuhe 3. — Syniptoiiis produced by a mosaic virus of Primula ohconica on leaves 
of a healthy P, obcomca plant after mechanical inoculation in the j^nsmliouse at 
65^^ to 70° F.: yl. Diseased plant, showing dwarfing, mottling, and upward 
rolling of leaves and dw'arfing of flowers; /f, noninoculated control (h(‘alth\). 


MATERIALS AND METHODS 

Naturally infectiul Primula ohcouica seedlings viovo coll(u*l(»d in a 
greenhouse in San Francisco, Calif., from which the mosaic virus used 
in these studies was obtained. The virus was transfernul to healthy 
P. ohconica plants, and transfers ,wer(i made at monthly intervals. 
This plant species S(u*v('d also as the standard test plant for virus- 
recovery, virus-property, and insect-transmission studies. 

All inoculations were mad<‘ in a greenhous(* where temperatures 
ranged from 65° to 70° F. Mechanical or juice inoculations w^ere 
made by dusting the leaves with 600-m(‘sh, powdered carborundum 
{11) and lightly rubbing with absorbent cotton dipped in juice from a 
diseased plant. 


TRANSMISSION 

The incubatioirperiod, as determined by nuiiKU’Ous serial transfers 
of the virus bv mechanical inoculation to lu'.althy Primula ohconica 
plants, ranged from 16 to 21 days. 

Studies on insect transmission of this disease involved the testing of 
several species of aphids which are known to occur in local green- 
houses, including the green peach aphid {Myzus persicae Sulzer) 
and the lily aphid {Myzus circumflexus Buckton). Noninfective 
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aphids W(‘r(‘ piM'initlcul lo /(mmI for 24 t-o 48 hours on infectt‘d plants 
aiid won* thou traiisf(‘nvd to lu'althy plants. All ath^mpts to trans- 
mit the virus by moans of aphids woro unsu(*(*ossful. 

In (‘xc(‘ss of 20, ()()() Primula obconim s(*(Hllings (oiu' to two loaves) 
in Hats have* Ixmmi oxamim^d over a period of 3 yeais for evid(»nco of 
virus infection, but with n(‘j>:ative results. It must be assumed, there- 
fore, that the virus is probably not se(‘d-borne. 

EXPERIMENTAL HOST RANGE 

By means of mechanical inoculations, the Primula obconica mosaic 
virus was transmit t(*d to two species within the sann^ ^enus, namely, 
fairy primrose (P. malacouica Franch.) and Chinese primros(‘ {P. 
snicnsis Lindl.) and was later recovered from all infected plants. 
lnf(‘ction was not obtained on any of tlH‘ numerous species of plants 
behmjjinj^ to difbTent families as indicated by lack of visible' symptoms 
on inoculated plants and by failure to recover the virus from them 
on healthy P. obconica ])lants. Nuitktous serie's of inoculations were 
made' to Turkish tobacco (Nicofiana iabacum L.) and N. gluiinosa L. 
with nej>:ativ(‘ results. 

This virus is ap])arently limited to the ^(Mius from which it was 
originally isolate'd. Somewhat analoiijous instance's reported within 
re'ce'iit years may be cite*el. Ac'cemlin^ to Ainsworth ()), the ^reen- 
motth' meisaic of cucumbeT (cucumber virus 8) and the yedlow mosaic 
of cucumbe'r (cue'umbe'r virus 4) oe'cur in nature einly on cucumber 
anel are' neit transmissible to solanaceous plants. Sevenhi and Fre'itag: 
(7;^) succe'eeh'el in transfe'rrin^ the wc'stern celery me)saic virus only to 
spe'cie^s within the' family Umbe*llife'rae. 

No inlection was obtaine*el by mechanical ine)culation with the 
Primula obconica ineisaic virus in 40 spe'e'ie's of ])Iants repre'senting 42 
ge'iie'ra in 28 families, as follows: 

Hegoniiu'CJie: 

Fihroiis-rootocl begonia {Bvgotiia semperflorens Link and Otto) var. Fire 
S(‘a 

HorapjinacfMie' 

Forg(*t-ine-not {Mgosittis alpeatns Scliini(tt) 

Canipaiuilaceae: 

Canterbury bells {i'ampanula medium L.) 

Caryoi^liyllace'ae: 

SweH't-william {Dianthiis harhalua L.) 

Clu'nopodiaceae: 

Spinach {Spinacia oleracea 1.. ) var. inooiusdah' 

Compos itac: 

Roiuaine' ledtuce* (Lncinca sativa L. \ar. hmgifoha Lam ) 

English daisy (Beilis pervnnis L.) 

China-aster (Callistephus chmensis Nees) var. (bant Branching White, 
wilt r(\sistant 

P'rench marigold (Tageies patula L.) 

Tran.svaal daisy (Gerbera jamesonii Hook.) 

Hybrid cineraria (Senecio cruentus DC.) 

Crucifeirae: 

ChiiK'se cabbage {Brassica pe-isai Bailey) 

Turnip (B. rapa L.) var. Purple Top White Globe 

Cabbage (B. oleracea L. var. capilata L.) var. Winter Colma 

Cauliflower (B. oleracea var. botryiis L.) var. February 

Radish (Raphanus sativus L.) var. White Icicle 

Annual stock (Matthiola incana R. Br. var. annua Vos.s) var. Fiery Blood 
Red 
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Cucurbitaceae: 

Cucumbor (Cucumis sativm L.) var. ArJiujBfton White* Si)ine 
Pumpkin (Cucurhifn pepo L. var. condenm Bailey) var. Zucchini 
Euphorbiaceae: 

Castor-bean (Kicinus communis li.) 

Gramineae: 

Corn (Zea moys L.) var. (Jolden Bant’un 
Leguminosae?: 

Broadbean {Vida f aba L.) 

Cowi)ea (Vigyia sinends (Torner) Savi) 

Garden pea {Pisum sativum L.) var. Alderman 
Lobeliaceae: 

1 obelia {Lobelia hybrida Hort.) 

Papaveraceae: 

Oriental poppy ^Papave onentale L.) 

Primulaceae: 

Primula auricAila L. 

Cowslip (P. veris L.) 

Florists’ cyclamen (Cyclamen indie um 1..) 

Poor-man ’s-weathergla'«is (Anagallis arvensis L ) 

Ranunculaceae: 

Candle larkspur (Ddphtnum cultorum Voss) 

P(*rsian buttercup (Ranunculus asiaheus b.) 

Pop])y anemoiH' (Anemone coronaria L.) 

Rosedaceae: 

Mignonette (Reseda odor ala b.) 

Rosaeeae: 

Geum chiloense Ball). 

Scroi)hulariacoae: 

Snapdragon (Antirrhinum majus b.) 

Pentstemon or beardtongue (Pentsiemon barhatus Nutt.) 

Solanaceae*: 

Potato (Solatium tuberosum b ) 

Tomato (Lycopersicum esculenium Mill var. vuhjare Baile> ) \ar. Early 
Santa Clara Canner 
Jimsonweed (Datura stramonium b.) 

Bell p€‘pper (Capsicum frutescens b. var. grossum Baih'v) var. California 
Wonder 

Nicotiana glutinosa b. 

Tobacco (A^ iobacum b.) var. Turkish and Whitt* Bnrh‘v 
Tropaeolaceae: 

Garden nasturtium (Tropaeolum majus b.) 

Umbel liferae. 

Celery (Apium graveoleus b.) var. Golden Self Blanching 
Verbenac(;ae: 

Garden verbena (Verbena hyhridg Vo.ss) 

Violaeeae: 

Pansy (Viola tricolor b.j 

PROPERTIES OF THE VIRUS 

The results of property studies of the Primula obconica mosaic 
virus are shown in table 1. Virus samples, consisting of 2 cc. of un- 
dilut(Kl juice in small, thin-walled test tubes, wt^e used in determining 
resistanc(^ to aging in vitro and inactivation temperature. In deter- 
mining the tolerance to dilution, the virus was diluted with the re- 
quired amount of distilled water. Young P. obconica plants were 
then inoculated mechanically with the different virus samph's. 

Samples of the Primula ohconica mosaic virus were infectious after 
24 hours aging in vitro at 22° C., but were inactivated after 48 hours. 
The virus produced infection after heating for 10 minutes at 48°, but 
was inactivated at 50°. A dilution tolerance of 1 to 10 was estab- 
lished. In each of the four trials, 16 noninoculated P. obconica plants 
served as controls and they remained healthy. 
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"I ABLE 1. Longnniu in viiroy inactivation temperature^ and tolerance to dilution of 
the Primula obconica mosaic virus 
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DESCRIPTION OF THE VRIMIUA ()B(X)NI(\\ MOSAIC VIRUS 

'rniiiMnis.siblc liy nioclmnifal inoculation with carborundum Incubation 
period It) to 21 daNs. H(*si.stancc to agin^^ in vitro bctwet*n 24 and 48 hours. 
Inactivation tcinjKU'aturo between 48° anti 50° C. for a 10-niinute exposure. 
Tolerance to dilution aiiproximately 1 to 10. Two additional species of Primula 
susceptible: P. maUicoides and P. sniensi^ Experimental host range apparently 
confined to tin’s gtMius. 

COMPARISON OF THE PRIMULA ()B(H)N1(\A MOSAIC VIRUS WITH 
CERTAIN OTHER VIRUSES 

As previously iiKMitioned, Sniiih {13) has described a virus (Usease 
of Primula obconica in KnjJilaiul caused by cucumber virus 1. During 
tile course of the present studies, parallel series of inoculations were 
made simultaneously to healthy P. obconica plants with ordinary 
cucumber mosaic virus supplied by Dr. James Johnson of tlie Wis- 
consin Agricultural Experiment Station; an imdescribed cucumber 
mosaic virus which occurs natupally in California; celery calico virus 
{12 ) ; and tlie mosaic virus of P. obconica'" in order to determine whether 
the latter virus was similar to or identical with any of the afore- 
mentioned. 

Ordinary cucumber mosaic virus and the undescribed California 
cucumber mosaic virus readily infected youn^ Primula obconica 
plants, botli inducing systemic infection. Symptoms caused by 
cucumber virus 1 consisted of a coarse mottle, with slight, upward 
cupjiing of the leaves, and a mild type of flower br(‘aking. With the 
western cucumlier mosaic virus, a coarse mottle, accompanied by 


* I'lit* cuciiiTihor and viruses \M*n‘ kindly sufiplH'd h.\ Drs. U. 11 P. Sewiin and J U. FriMtnu, 

Division of Entoinolocy ami ParasiloIo^.N . University of (’alil«jrnui. 
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largo, irrogvilar-shapcd, raised, dark-groon islands, and severe flower 
breaking, occurred. In neither case were infected plants visibly re- 
tarded in growth. No infection resulted from inoculations with the 
celery calico virus. Considered as to symptoms, there can he little or 
no difficulty in differentiating between the mosaic virus of P. obcordca 
and the otlier two viruses which infected this host. 

Other plants which were testcul with the four viruses include celery, 
cucumber, spinach, tomato, Turkish tobacco, and Nicotiana glutiiiosa. 
Again the Primuh ohconica mosaic virus failed to infect these plants, 
whereas infection was readily obtained with the other viruses. 

As a result of these tests, it is concluded that the virus describ(‘d 
in this paper is different from the throe viruses with which it has been 
comi)ared and the virus of Primula obconica described by Smith {IS). 

CONTROL OF THE DISEASE 

Primula obcouica plants showing mosaic inh'Ction were found on 
benches in different parts of the San Francisco greeidiouses umh'r 
observation, indicating a spread of the disease by some unknown 
insect vector. Attempts to locate* other susceptible greenhouse 
plants which might serve* as virus re‘se*rvoirs emel aphiels which might 
conceivably act as vectors we‘re unsuccessful. 

In oreler te) reeluce*, if ne)t eliminate*, further loss te) growe'rs as seam 
as possible, care*ful re^guing of dise*ase plants was practiceel, anel the* 
grecnhe)nses we're* fumigateel wee*kly with nicotine elust. The ine*iele*nce 
of the*, dise'ase was epiickly reduceel, until at pre*se*nt it is be*lie*ve*el that 
the disease has be*e*n entirely e*i*adieate*d in the*se* he)use*s. 

SUMMARY 

A me)saic disease* of Primula obconica, pre*valent in greenheeuse's in 
San Francisco, is de*scribeel. 

The symptoms of the disease* include a prominent le*af meettle, 
consisting of irreigular-shape*el, dark-gre*en, raise*el or nonraise*d islands 
on a light-gre*en to ye'llow background, with upward curling eu* e*up- 
ping of the* leaves. Occasionally a shoe*string e*ffect is induce*el at or 
near the tip of the* leaf. The* leaves, flowe*rs, petiole*s, and peduncle*s 
are reduced in size. The petals ctf infe'cteel flowe*rs show a conspicu- 
ous color breaking or varie*gation, while the caly.x is mottled. Tsu- 
ally infecteel plants are se'verely stunted. 

The Primula obconica mosaic virus is re'adily transmissible by 
juice inoculation, with carborundum. The* inculm tion perioel ranges 
from 16 to 21 days. The gre*en pe'ach and lily aphids faile*el to trans- 
mit the virus under greenhouse conelitions. 

The virus retained its infectivity after aging for only 24 houi-s at 
22° C. It is inactivated by heating for 10 minutes at 50° and has 
a dilution tolerance, of 1 to 10. 

The host range of the Primula obconica mosaic virus is limited to 
two additional sp(*cies within the same genus, namely, P. malaconhs 
and P. sinensis. 

The disease has been eradicated by careful roguing of diseased 
plants and by frequent fumigation of tlie greenhouses. 
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RELATION BETWEEN WETTING POWER OF A SPRAY 
AND ITS INITIAL RETENTION BY A FRUIT SURFACE ^ 

By H. Fi. CirppLEs 

Chentmt, Division of Insecticide I rwestigations^ Bureau of Knlotnology and Plant 
Quarantine, United States Department of Agriculture 

INTRODUCTION 

Tli(' \v(‘ttin”: |)(m(‘r of a spray solution is a \(*ry inij)ortant factor 
in its (»tlici(*ncv as a contact poison or as a stomach poison. In tlu^ 
held of (‘ontact spiays this has been cleaily I'i'co^idzed by a nunil)er 
of workers (/. (V, 0, //)% who have present(‘(l logical explanations of 
tlieir r(‘s»ilts and of tlu* pliysicochemical phenomena invoivcal. In 
(‘arli<M- ])a])(‘rs (2, 4, 6) tlu^ autlior has summarized sonu' of this 

work and has d(‘V('loped the us(‘ of th(‘ spnaiding coetfici(‘nt on mineral 
oil as a convcaiicait (juantitative ineasun^ of vv(‘tting powder. Th(» 
spnatding coefhcicuit. S, of an aqueous solution wdth respect to a 
inimual oil is (hditu'd by the equation S -- Tb~~ Tx— Tab, w hero Tb 
is the surface tension of the oil, Ta is the surfac(‘ tension of the* acjiK'oiis 
solution, and 'I\xb is the inhufacial tcaision. 

In th(‘ fi(‘ld of stomach ])oisons and protective fungicide's, which 
fuiK'tion by nu'ans of the* deposit that n'Uiains afte'r evaporation of 
tlu' li(juid UK'dium, the' factors involved have b(*en less (*l(‘arly n'cog- 
niz(‘d. Working with oil-emulsion s])rays, Smith {10) has found that 
increase'd amounts of emulsifier product' sprays vvhit'h wet the surfact's 
bt'ltt'i* btU which dt'posit less oil, and lie lias advanced a working 
hvfiotht'sis to t'xplain this plK'nomt'non. Howt'vt'r, his t'xplanation 
(loes not ch'arly jioint out, or take into account, the fact tliat wht'n 
till' sfiray mixture' wt'ts the surfae*e peieiriy a much gre'ate'r vedurnt' 
may be re'taine'el em the* spraye'd surfae'e*. This facteu- alone* may 
ae'e'ount feu* the* obse*rv(*el increase in tlu* eh'positieui e)f inse'cticieh' 
w he'll little or nei e'rnulsilier is use'el. The autheu* if)) has brie'fly 
e*eunni('nteel em the factors invedved in the application of spray mix- 
ture's e)f this type anel has ])e)inteel out that maximum e'fficiency may 
bt* asseiciateel with re*lative*ly high surface anel interfae*ial tensions, 
i. wdth a le)W' spivaeling e*oeifie*ie'nt. Fajans and Martin {0, 7) 

have* re'ee'iitly re'peirte'el weirk in this fie'ld, in whiedi tlie'V have* eh'te'i- 
mine'el soliel-liquiel contact angle's as a me*asure eif w’ctting power. 

Stateune'Tits are e)ce*asie>nally maele that an t'xce'ss of wa'tte'i* e*aus('s 
e'xe'e'ssive run-off and a re'elue e'el ele'pe>sit of insectie'ielal material em the 
fruit anel foliage, eu*, e'emversely. that the aelelition of a wetter pro- 
due'cs lie'tte'i* we'tting and adhere'ne'e anel an ine*i (*ase'el de'posit of 
inse'cticielal mate'iial. Obviously, in any given case many factors 
are invedveel bc'sieli's the spe'cific nature of the surface* to wdiiedi the 
s[)ray is being applie'el. wSuch factors include* the wetting agent, the 
infliie'iice of other constitiu'nts eif the* spray mixture, anel the vvate*r 
supply. The* eibje'e't of the pre*se*nt weirk has b(*e*n to de*te*rmine* 
wdiether tlu*re is a elefinite redation betw'e*e*n the* we'tting powder of 

1 Rwmv<h! for publication May 2, 1911. 

2 Italic 1 unibors in paranihcscs refer to Literaiurp Citi'd, p. 685. 
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tho spray mixture, as measured by its spreading coefficient on min(‘ral 
oil, and the volume of spray mixture retained by fruit and foliage, 
if so, the problem can possibly be simplified to the consideration of 
but two fa(*i()rs, (1) the surface b(‘ing sprayed and (2) the spn^ading 
coeffi(‘i('n(; of the spray mixtur(\ 

EXPERIMENTAL METHOD 

The geiuM’ol plan of the experiments was to rotate an apple, while 
spraying it with a spray solution of known spreading coefficient, 
until run-off comnu'iiced, and then to determine the volume of the 
spray solution retained on the apple. Variation in welting power 
was produced by the addition of differi'iit amounts of a W(‘lting 
agent, and the spreading coefficients were determiiKMl as pn^viously 
d(‘scribed {/)). Two series of tests w^re made in which two distinct 
imdhods for determining the volume of retained spray solution were 
used. An interval of several months separat(‘d the two scuits. As 
the spreading coefficient associated will) a definite retention would 
be exp(‘cted to vary \\ith the type of fruit, its matui'ity. and possibly 
other factors, th(‘se experiments an^ regarded as illustrativ(‘ only. 

For rotating th(‘ apple during the spraying th(‘ stern was lied to a 
string drop])(‘d from tli(‘ v(‘rti(‘al shaft of a variable-spetd laboratory 
stirrer, which was operated at about .‘^0 revolutions p(‘r minut(\ 
The spray solution was applied with a small lacquer-spraying nozzle 
attach(*d to the laboratory air supply, which was k(‘pt at a constant 
distance from the appl(‘ and was manipulated in as n(‘ai*ly uniform 
a manner as possible. The spray thus produ(‘('d was a rather finc^ 
mist, and it is possible that a coarse, driving spray worild giv(‘ sonu'- 
what diflerent results. 

TESTS WITH SPRAYS CONTAINING SODIUM BICARBONATE AND 

WETTING AGENT 

In the first series of tests the spray li(|uid was a solution of sodium 
bicarbonate, approximately N/2, containing varying amounts of a 
wetting agent (No. 1). Measurements were niad(‘ of the surface 
tension and the spr(‘ading co(‘Hicienl on mitKual oil of most of the 
spray solutions. With the apple rotating, spray i?)g \\as ])egun and 
continiK'd until a distinct run-off occurrcMl. Spraying was then dis- 
continued, rotation of the apple stopped, and the spray solution 
retained by tlu^ apph» was quickly washed into a beaker with dis- 
tilled water. Tlu' sodium bicarbonate* thus recove'renl from the* apple 
was titrated with standard hydrochloric acid, methyl orange* being 
use*el as indieaitor. 

The titer of the spray juixture being knemn, a simple calculation 
gave* the* volume of spray solution retaineel by the* apple*, upon the* 
assumptioT) that there was no concentration of the solution by evape)ra- 
tion. Each of the uncorrected values thus obtaine*el was multiplieel 
by the*. e*onstant’ factor 0.55, to make an approximate e*.orree*lion for 
the incre*ase in concentration of the solution due to e'svaporation eluring 
the spraying process. This factor was de*te*rmineel by weighing the 
apple before and afte'r spraying with a mixture containing no wetting 
agent and comparing the volume of retained spray thus founel with 
the volume found by titration. 
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Table* 1 and figure* 1 proseuit the* rosiills e)f Iht'se*. (*xpe'rirru‘nts, 
te)g('the*r with the* calcuJatod value*s e)f the' n'lative* re*t(*nlion, wliicli 
is he'iT ele*fin(*(l as the* ratio of the volume of spray r(‘taineMl to the* 
volume*. re*tain(*(l wh(*n the spray liquid is elistill(*d water. 


Tablk 1 . -- Variation of wethvg properties and initial retention with the concentration 
of wetter Xo, I in an approximately Xj2 solution of sodium bicarbonate 
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TESTS WITH SPRAYS CONTAINING DISTILLED WATER AND 
WETTING AGENT 

In the s(*( Oiul s(*ri(‘s of l(*sts tin* spray mixtun* e*ontaiueel no sodium 
bicarbonate*, anel was simply an ae|U(*ous solution of a wc'tting agc*nt 
(No. 2). Th(‘S(* (*xp(‘riments \\(*re similar to those of the first seri(*s 

except lliat a different method was used for dctt*rmining the voluim* of 
spray soluliein retaine'd by the apple*. The me*the)el used here was to 
re*move* m(*e‘hanie*ally and collect the* retained liquid by quickly 
absorbing it into a tuft of absorbent c’otton, the* e*e)tte)n be*ing w (*ighe*el 
in a glass-stopp(*re*d e‘e)ntaine»r before* anel after aeUorptie)n of the 
liejuiel. 

These re*sults are* prc'sentcd in table 2 anel figure* 1, te)ge*the*r with 
values of the re*lative retention, as e*xplaineel abe)ve. 


Table 2.- - Vanation of wetting properties and initial retention with the concentra* 
tion of wetter Xo, 2 in distilled water 
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DISCUSSION 

Tho curvos pr(‘S(*nto(l in figure 1 indicate' that is a close 

rclatioiisliii) b(‘iw(»(‘n the spreading coefficient and the rehitive ri'ten- 
tion. The curve for series 1 shows that a relative ret(‘ntion of 0.50 
is obtained wln^n th(‘ (‘oncentration of wetter is 85 gin. (antilog of 
1.54) per cubic m(‘ler. The curve for series 2 shows the same relative 
retention at a concentration of 1,050 gin. (antilog of 8.02) per cubic 
meter. Thus, for th(‘ same relative retention th(‘ conccuitration of 
wetting agent is 80 times as great in series 2 as in s(‘ri('s 1. At tlu^ 
same conciMit rations the corresponding spr(‘ading coertici(*nts arii 
— 8 and —9. These valu(‘s agree well, considering the natur(‘ of the 
(‘xperiments and thi* tinu' interval s(‘parating the two si'ries. 



CONCENTRATION OF WETTER 
(LOG OF GRAMS PER CUBIC METER) 


Fkujrk 1.- 


-Wc'tlinj? properties as related to t]u‘ eojieentration of wetting? ageiils 
in spray solutions. 


lu figures 2 the values of ndativc' retention are i)lott(‘d against the 
values of spn^ading coc'fficient, and a lim^ has b(H*n drawn through the 
points by inspection. The points repres(uiting s(‘ri(‘s 1 li(‘ rather con- 
sistently highiT than the points repr('S(Miting s(u*ies 2, and this devia- 
tion may possibly be significant. The deviation may ho. due to a 
differeiHje in the character of the fruit surfaces used in the two seric^s, 
or it may be simply a manifestation of the fact that the spr(‘ading 
coefficient is not a perfect measure of wetting powei*. Howi^ver, all 
the points considered together show a good correlation between rela- 
tive retention and spn^ading coefficient; i. e., the lower the sprcuuling 
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Kk.uke 2. - Sproadin^i coofiirieiit as related to the initial retention of sjnH} 

solnt ions 

c'oeHieieiit lh(‘ ^r(‘at('r tl\e volume of spray ndained. A similar eor- 
ndatioii may b(* (‘xpected to oecur in the ease of olla^r fruit and foliay:(» 
surfue(‘s. It is suggested that the spreailing eoetlieicud on a ndVrenei^ 
miip’ral oil may he* us(‘d as a praeti(*al im^isiire of the wettin.a: proper- 
ti(‘s of a(jueous spray solutions. 

SUMMARY 

The ridation between the wettinic power of a spray mixture and its 
r(‘t(‘nti()n on the sprayed surface lias been inve^sti^ated by sprayini»‘ 
a rotating a|)ple with spray solutions of varying wetting ])ower, as 
measured by their spn'ading coeflicients on miiK'ral oil, and d(‘t(U- 
minin^ the retention of spray mixture at tin* point of run-off. Plots 
of tht' spn^adin^ ecxdlicients against the corresponding retentions of 
spray mixture show that tlu^re is a close ndationship betwe(‘n tlu'so 
values. 


LITERATURE CITED 

(1) CoopEH, W. E., and Nfttall, W. H. 

191 .“). THE THEORY OF WETTINO, AND THE DETERMINATION OF THE V\ LTTINd 
POWER OF DIPPING AND SPRAYINO FLUIDS rONTAIM\(. \ SOAP 

BASIS. Jour. Agr. Sci. [Enplandl 7: [219] 239, ilhis. 

(2) CUPPLES, H. li. 

l 93 o. WETTING AND SPREADING PROPERTIES OF AQeKOCS SOLITIONh. 

OLEIC’ AciD-soDirM HYDROXIDE MIXTURES. Iiulus. and Eiigin. 

Choiii., IndiLs Ed. 27: 1219- 1222, illiis. 

(3) 

1936. WETTING AND SPREADING PROPERTIES OF AQUEOUS SOLITIONS. 

OLEIC’ AC’JD-SODIUM C^ARBONATE MIXTURES. llicius. and Kll^jill. 

Cheni., Indus. Ed. 28: [60]- 62, illus. 




686 Journal oj Agricultural Research voi. no. u 

(4) CuppLEs, H. L. 

1936. WETTINCJ AND SPHEADINC; PROPERTIES OF AQUEOUS SOLUTIONS. 

MIXTITRES OF OLEK’ AUID WITH POTASSIUM HYDROXIDE, POTASSIUM 
(’ARBONATE, AND AMMONIA. Iiidiis. and Kiigiii. Clipiii., Tiidus. 

Ed. 28: 434-436, ilhis. 

(.^) 

1937, WETTINO AND SPREADINO PROPERTIES OF AQUEOUS SOLUTIONS. 

MIXTURES OF SODIUM HYDROXIDE WITH N-CAPROI(% N-(’APRYL1(’, 
N-<’APRir, LAURir, MYRISTir, AND PALMITIU A(TD8. Illdus. aruj 

Engiii. Chem., Indus. Ed. 29: 924 926, illus. 

(6) Fajans, E., and Martin, H. 

1937. THE INf’ORPORATlON OF DIREUT WITH PROTBf’TIVE INSEI’TKUDES 

AND FUNOKUDES. II. THE EFFECTS OF SPRAY SUPPLEMENTS ON 
THE RETENTION AND TENACITY OF PROTE(’TIVE DEPOSITS. JoUr. 

Pomol. and Hurt. Sci. 15: 1-24. 

(7) and Martin, H. 

1938. THE IN(’ORP(HlATION OF DIRECT WITH PROTECTIVE INSEf’THTDES 

\ND FUN(}ICIDBS. III. FACTORS \FFE(’TlNO THE RETENTION 
\ND SPRAY RESIDUE OF EMULSIONS AND (’OMBINED EMULSION- 

sxTSPENsioNs. JouT. Poiiiol. and Hurt. Sci. 16: 14 38 illus. 

(8) Moore, William. 

1918. observations on the mode OF Af’TTON OF CONTACT INHECTHTDES. 
Jour. FiCon. Fnt. 11: 443 446. 

(9) O’Kane, W. C., Westcjate, W. A., Glover, L. C., and Lowry, P. K. 

1930. SURFAf’K TENSION, SURFACE A(’T1VITY, AND W'RTTINd ABILITY AS 
FACTORS IN THE PERFORMANCE OF (’ONT VCT INSECTK’IDES. 
STUDIES OF (’ONTACT INSECTICIDES 1. N. H. Agr. Kxpt. 8ta. 

Tech. Bui. 39, 42 pp., illus. 

(10) Smith, Ralph H, 

1932. THE TANK-MIXTURE METHOD OF USIN(J OIL SPRAY. Calif. Agr. 
Kx])!. Sta. Bui 527, 86 pp., illus. [Rexised 1933.) 

(11) WiL(‘oxoN, Frank, and Haktzell, Albert. 

1931, SOME factors AFFECTINC; the EFFK’IENI’Y of (’ONTACT INSECTl- 
(TDBS. I. SirUFAI'K FORCES AS RELATED TO WETTINO AND 
TRACHEAL PENETRATION. BoVCC ThoiUpSOU lllSt. Coulril). 

3: 1 12, illus. 


U 5 COVERNMfNT PRINTING OFFlCt 194 




FACTORS AFFECTING THE GERMINATION OF SUGAR- 
BEET AND OTHER SEEDS, WITH SPECIAL REFERENCE 
TO THE TOXIC EFFECTS OF AMMONIA' 

By Mykon Stout, assistant physiologist , and Bion Tolman, assistant agronomisij 
Division of Sugar Plant Investigations, Bureau of Plant Industry, United States 
Department of Agriculture “ 


INTRODUCTION 

Tho pr(*soiici‘ in siigar-l)(M‘t suod balls of waU'r-soliiblo substances 
that, produce a toxic (*fF(‘cl on g(u*rninating si^ed has b(‘eii shown in a 
pn^vious pul)licatioji In tin* present report the nature of the 

toxic action is analyz(‘d and the (‘ffects of osmotic ])ressure and 
of hydrogen-ion concentration are evaluali'd. Evidenc(‘ is presenl(‘d 
that fn^e ammonia, ndiaised during germination from nitrogenous com- 
pounds in th(‘ watiT (‘xtracts of the seed balls is an important and 
significant factor in germination inhibition and that this free ammonia 
produce's toxic (‘fleets wh(‘n sugar-lx'ct S(‘(‘d is germinated in the 
pr(‘S(‘nce of tin* sec'd-ball (‘xtracts. 

REVIEW OF LITERATURE 

Ext(‘nsive work has b(‘(‘n r('port(‘d cm th(‘ factors afT(‘Cting the g(‘rmi- 
nation of s(‘eds of fleshy fruits wlnui placcxl on a substratum moist (‘inxl 
with the fruit juice. According to Reinhurd Molisch was the 

first to (*xpr(*ss the opinion that tin* retardenl g(‘rmination was caused 
by inhibiting substance's. The' opinion was late'r supported l)y Oppe'ii- 
heime'r If)), Fukaki (6*), and Reinhard ilS), Oppe'idu'irner sug- 
ge'ste'd tluit the' ijihibitory substance's are colloidal and that they act 
as “lu'gative' catalysts” infhu'ncinL^ rt'spiratory ])roc('sse's. Kocke- 
mann (9) eh'seribe'd inhibitory substance's, found in various fh'shy 
fruits, that were soluble in water and in e'the'r and were heat-re'sistant 
but were d(*stroye‘d by pe'roxide and alkali. Re'inhard w^orking 

with tomato juice', found inhibituig substance's that were wator- 
seduble and heat-re'sistant but were' not eU'stroye'd by neutralization. 

Osmeitic pre'ssure' of fruit juices has be'e'ii consiele'red by some' worke'rs 
a factor in the' inhibition of ge'rmination. Oppe'nhe'iiner (I 4 , 16) and 
Fukaki (G) stated that the inhibiteny action of substance's in tomatoe's 
is some'thing in addition to osmotic e'ffe'ct be'cause boiling the juice' 
increased the' osmotic pressure while it reduced the inhibitory action. 
Re'ce'iitly, Litvinov {12) statc'd that the e'sse'iitial cause of the inhibiting 
effects of fruit juice's is osmotic pre'ssurc and that only slight inhibition 
is traceable' to specific, organic substances. This conclusion is similar 

I Rm'ivoa for pia>lu‘afion May 28, U)4I, 

» Tho authors wish to ovprcss thoir approrlatlon to O. I! (\»ons, pnmipal pathologist, Eubanks (^arsnor, 
sonior pathologist, anti F. V Ow^>n. gonotirist. Division of Sugar I'lant Invostipations, for suggestions and 
criticisms during the progress of this woik and in connection with the preparation of tlie manuscript. 

> Italic numbers in parentheses refer to T/iteratiiro Cited, p. 711. 
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to that of Lavialle (/O), who stated that seeds in all fleshy fruits 
remain dormant because of the osmotic pressure of their juices, which 
may vary from 5 atmospheres in tomatoes to 20 atmospheres in 
grapes. 

(3th(U‘ observations pertinent to the studies here reported may be 
noted. Axentjev (2) reported that the inhibiting action of seed ex- 
tracts is not dependent upon fluorescence, lie stated that the action 
of Phacelia seed extract was not specific but that it inhibited the ger- 
mination of sonu', sec'ds and stimulated that of others. Mosheov (13) 
reported the presence' in wheat of germination-inhibiting substances 
that were' heat-labih' and were most eflective in light. Lehmann (11) 
found substances having similar properties in the hulls of buckwheat. 
On the basis of tests with the seeds of Vaecaria pyramidata ^ Borriss (3) 
concluded that the increased germination of seeds planted in soil w'as 
not due to any stimulative effect of tlu* soil but rather to the removal 
of inhibitorv substance's from the seed by adsorption. Shuck (20, 21) 
reported inhibitory substance's, produced by germinating lettuce seed, 
that we're' water-soluble and probably a metiibolie byproduct. Borth- 
wiek and Robbins (4) pointeel out the possibility that the're' are 
deleterious pre)ducts of metabolism in the ('lulosperm or embryo of 
h'ttuee' seed, arising and possibly accumulating only at higheu* te'm- 
pe'ratures, and that, wlu'n other parts are re'ine)V(*d, the' nake'd lettuce 
embryo germinates at these' higher te'inperature's. Thompson (22) 
and Thompseu) and Ke)sar (23) found soaking and drying, both at low 
tempe'rature's, anel soaking in certain chemie'al solutions to be efl’e'C- 
(ive in breaking the dormancy of lettuce se'e'els. 

MATERIALS AND METHODS 

The sugar-beet (Beta mlgaris L.) see'd balls iiseel in these si udies as 
sources of c'xtracts were principally of two varietie's, 68 and V. S. 12. 
Only one seed le)t of variety 68 was available. Previous studies had 
shown this st'ed lot to be a heavy carrier of substance's that resulted 
in a toxic e'ffect on ge'rmination. The following four lots of seed balls 
of U. S. 12 were used; these were grown under widely differt'nt con- 
ditions and varied greatly in chemical composition. 

U. S. 12-A. — Normal soil, Hurricane, Utah, 1936 crop. This seed lot was very 
low in material toxic to germinating seeds. 

U. S. Alkali soil, St. GeorgC, Utah, 1938 crop. Grown on soil showing 

considerable white alkali but with fairly good jdant survival. 

U. S. 12-C.— Extreme alkali soil, St.*^ George, Utah, 1938 crop. Grown on the 
Bame field as U. 8. 12-B, but in areas w^here, owing to high alkali content, only a 
few plants survived and produced seed. 

U. S. 12- D. — Normal soil, Moab, Utah, 1938 crop. Owing to insect damage or 
some other environmental influence, most plants producing this lot of seed reverted 
to vegetative type of gn^wth during the period when seed normally sets and 
matures. Viability of the seed w’as very poor. 

Two samples of lettuce seed of tlie Grand Rapids variety wcri' ob- 
tained from T. W. Whitaker.^ Other kinds of seed such as tomato, 
radish, cantaloup, cucumber, etc., were obtained from a commercial 
se<*d store in Salt Lake City, Utah. These are listed in th(' various 
tables. 

* Oonetlmt. Division of Fruit and Vcpotablo Crop.s and Diseases, Bureau of Plant Indu.slry, U. S. De- 
partment of Apriculture, stationed at La Jolla, Calif. 
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TIk* r(»lativ(‘ toxicity or ^(*rminalioii-inliibitinj]: propcrti(‘s of the ex- 
tracts or soliilioiis tested \V(M‘e measured by their ability to decr(‘ase 
g(M-minatioii perceutap:(‘s under standardized conditions. 

A distinction is sometimes necessary betw'een toxicity and inhibition 
of ^(‘rmination bi‘caus(' certain fa(*tors, sucb as lii^li osmotic pressure, 
may inbibit ^(‘rinination without r(‘sultin^ in a toxic effecd. 

Tbe term *Hoxic substancc‘s'^ as used tbrou^bout this report is not 
limited in meaning!: to actual sub- 


stances that ar(‘ toxic to gtu'ininatin^i: 
s(*eds or plants, but also reb'rs to sub- 
stances that may not be toxic them- 
selves but from which the toxic agent 
is produ(‘(Hl during the course of seed 
germination. For example, dilute 
solutions of asparagin allowed germi- 
nation to proceed normally for about 
48 to 72 hours before sulTficient am- 
monia was released to stop further 
growth and actually kill the plants. 

The se(‘d-ball (‘xtracts were pre- 
pared by soaking (|uantiti<»sof air-dry 
se(‘d ball s in fiv(‘ tiiiK'S their weight of 
distilled waU'r for 20 hours, and filter- 
ing. Toxicity was d(‘t(‘rmined by 
germinating naked sugar-beet seeds 
on thin cotton substrata in 3!^-iiich 
Petri dislu's moisU'iied with 9 ml, of 
tlu' solution being test(Ml. Variety 
08 was the sourct' of all naked sugar- 
be(‘t seeds us(mI in th(‘ t(\sts. 

Osmotic pressure ineasureiiKuits 
were made by tlu' c.ryoscoi)ic method, 
using an air-jacketed sample tube 



and Heckmann dilbuential ther- 
mom(‘t(‘r. A glass-eh'ctrode pH me- 
ter was us('d in making all pH meas- 


Figvkk 1. — One unit of ammonia 
aspiration aj)paratus. o, Aspiration 
tube; bull) blown for larger samjdes 


urernents. Wluue the pH of ex- 
tracts or solutions from germination 
dishes was determined, tlu* sample 
was ol)tained by folding the cotton 


and to Jielp reduce foaming, 
ft, Absorption tube; sintered glass 
disk in delivery tube and two drops 
of '/j-but}^ alcohol used in solution 
to insure complete absorption of 


substratum on which the s(u*ds were ammonia. 


plac(‘d and pressing out the excess solution. 

The nitrogen fractions (free ammonia,® combined ammonium salts, 
and ami(h* nitrogen) were deUTinined by aspirating into boric acid 
and measuring the conductivity of the solution as outlined by 
Hendricks et al. (7). The aspiration and absorption apparatus was 
patterned somewhat after that outlined by Sessions and Shive (19). 
One unit is shown in figure 1. A bank of 12 units with accessory 
equipment is shown in figure 2. 


• Tlio term *‘free ammonkC' as used In the present report refers to that ammonia which can be aspirated 
from a solution without addition oi alkaline reasnmt. Combined ammonium nitroji(‘n refers to the addi- 
tional ammonia released from its salts by a suitable alkaline reapent. This distinction w^as made in the 
present in.stance even thoujrh “free ammonia” has sometimes been used in the literature to Indicate ammonia 
derived from the decompositions of all ammonium salts. The authors consider the latter usape clearly a 
misnomer. 
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The n-butyl alcohol and sintered glass disks in delivery tubes insured 
<;oniplcte absorption, while the warm-water hath and reduced pressure 
very greatly shortened th<f time necessary for complete removal of 
ammonia from the sample. No appreciable phosphate was present 
in the samples; therefore, magnesium oxide was used as the alkaline 
reagent. This was done to keep the volume of solution to a minimum 
for amide nitrogen determination. 

The procedun' was as follows: 15 ml. of 0.4 molar boric acid solution 
and 2 drops of n-butyl alcohol were added to each absorption tube, 
and the stopper was pressed firmly in place; 10 ml. of the solution 
to be analyzed and a drop of mineral oil (to prevent, foaming) were 
added to tlui sample tubes, the rubber tubes were conni'cted, and 
aspiration was started. All analyses were lun in duplicat(> or trip- 
licat.e. Duplicates usually agreed witliin 0.02 mg. of nitrogen. After 



P^iGURB 2. — Twelve units of the animoiiia aspiration a])paratus with accessory 
equipment, a, Suction trap with Runseii valve. />, Hot-water liath for aspira- 
tion tubes made from 3-inch gal vani zed-iron i)ipe, slightly flattened on sides; 
vented outlet bent dowm inside to remove water frfun the bottom of bath. 
c, Air-scrubber bottles: stopcock for adjusting air intake wiien operating under 
reduced pressure, d, Hot-water heating coil. KSmall constant-level feed tank 
not shown. Note depth of fine bubbles in absorption tubes. 

aspiration tulxvs wtiv (lisconnectod, starling fi*om tln^ end opposiH^ 
to that at which suction w^as appliecl. Suction was dc'creased g:rad- 
iially as the tubes wwe disconnected. Th(‘ contents of the absorption 
tut)c was made up to 100 ml. thoroughly rnixixl, and tlie conductivity 
determined. Tlu' nitrog;(*n value was read from j^raphs prepared 
from conductivity values obtained by adding a known quantity of 
ammonia to 15 ml. of hori<* a(4d and sufficient distilh^d w’at(*r to 
make 100 ml. The plotted curves were nearly straight liiu's. (\)m- 
bined ammonium nit rogen was determimxl by adding a small ('XC(»ss of 
diy magnesium oxide (MgO) to the sample tube and aspirating into 
fresh boric- acid. Tho acid hydrolysis with 10-pcrcent sulfuric acid, 
described by Orciitt and Wilson (/ff), was (unployed for amide nitro- 
gen. After liydrolysis the samph‘s were rinsed l)aek into the original 
sample tutxis and a pn'detiu’inined amount of strong sodium hydroxide 
(NaOH), sufficient to nearly neutralize the acid, W'as ad(hxl down the 
side of the tube by nutans of a pipette. A drop of mineral oil, a drop 
of phenolplithak'in indicator, and an ex(*ess of magnesium oxide 
was added, the flask was immediately closed, and tlui aspiration was 
started. Residual nitrogen was determined on the same sample by 
the Gunning method for organic and amrnoniacal nitrogen, with 
0.04 N acid and base. 
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EXPERIMENTAL WORK AND RESULTS 

SOME CHEMICAL. AND PHYSICAL PROPEKTIES OF SUGAR-BEET SEED-BALL EXTRACTS 

Water-sol I ihl(' (extracts from sugar-bo(*t scchI balls of diftennit 
vari(di('s and from different seed lots of tln^ same variedly varied rather 
widely in color. Th(‘ color of fresh extracts usually ra,n^(‘d from fimb(»-r 
to dark brown. 

All extracts Ix'came darker on exposure to tlu' air and darkeiuul 
rapidly when alkali was added. Normal color was n^storc'd upon tJu* 
addition of exc(‘ss acid. The extracts turn(‘d V(uy dark when fcTric 
chloride was added to them, and a white precipitale was formed with 
stannous chloride*, gelatin, or lead acetate. A voluminous prc'cipitate 
of gums and p(*(dins was obtaiiUHl when 95-percent alcohol was added 
to the* conc(*ntj-at(*d extract. The extraeds readily reduced potassium 
p(*rmanganat(‘. Many of the above tests indicated the presexice of 
tannins and gums. Germination tests, however, on pure solutions 
of tannic acid, gum arabic, etc., indicated that the amounts pr(*s(‘nt 
could not b(* nsponsibh*. for any apprt^ciable degree of toxi(*.ity. 

])(*t(*rminations of the heavy metals by means of tin* drojiping 
mercury (‘lectrode showed copper, lead, and zinc to lx* too low to 
caus(' injury. 

Tin* fact that tin* toxicity of the water-soluble (*xtract is due to 
h(*at-stxble, colloidal, organic matter was indicated by the following 
t(*sts: Tin* toxicity of the water-soluble extract was reduced when tin* 
extract was filt(*r(*d through one-half of an iin‘h of diatoma(‘(*ous 
earth, and it was still further reduced when carbon bhn^k was used 
with the diatomac(*ous earth. The toxic nature of the extracd was 
not afr(*cted by high temp(*rature. Table 1 shows a comparison of tin* 
toxic (‘fleet of untreat(*d s(*(*d-ball extract with that of an extra(‘t which 
had b(*en st(*am(*d for 80 minut(*s at 20 pounds’ pressun*. Wlien tln^ 
(LXtract was evaporat(*d to dryness and tin* ivsidue redissolved in 
distill(*d wat(*r, litth* or no change in the (*frect on g(U7ninating s(*eds 
was evidi*nt. Some of the sulistances that r(*tarded germination 
remained in tin* water-solubh*. ash, although the (*n’(H*t was not char- 
acteriz(*d by darkening and killing of the sprouts, as in t(*sts with the 
normal extract. That retardation in this case could lx* accounted 
for by osmotic pressure alone was shown by subsequent. t(^sts. 

Table \,— Toxicity of heated and uonnal extracts from saga, -beet seed halls as 
indicated by thetr power to inhibit the germination of naked sugar-beet seeds 

[Avorac:!* of 4 varietii's] 


Troat mere of extract 


Steame<i 30 miniUes at 20 ixamds’ iiressuro. 
Untreated,. . . 


Naked seeds germinated after- 
10 hours t2 hours 00 hours 


Percent 
17. 07 
18 33 


Percent Percent 
30 S3 «0 70 

13 r)0 r)0. 00 


The solu})ility of the toxic materials of the sec<l-ball extracts in 
various solvents was det<‘rmined by evaporating a known volume of 
original extract to near dryness, extracting with a solvent, removing 
the solvent by successive evaporations with water, redissolving the 
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residue in distilled water to the original volume, and germinating 
seeds on the various fractions. The toxic materials were found to be 
soluble in water, or in 80-perccnt alcohol. They were slightly soluble 
in absolute alcohol and practically insoluble in propyl alcohol, ether, 
acetone, or toluene. 

Some of th(‘. chemical and physical properties of typical sugar- 
beet seed-ball extracts are shown in table 2. The close correlation 
between ash, specific conductance, and osmotic pressure indicates that 
while the total amount of inorganic salts in the exti*acts varies the 
relative proportions of the constituent salts remain nearly tin* same. 
None of the indices of inoi-ganic salts corn'lates well with toxicity. 

Table 2. — Some properties of sugar-beet seed-hall extracts as related to toxicity 


Source of extract 


V<jriety 6K (normal extract) 

Variety 68 (flllered through kicsol- 

puhr and carbon black) 

TJ. S. 12-\ 

U. vS. 12-B 

TT. S. I2-r 

n. s. 12 - 1 ),.-. 


> Keciprocal ohms per centimeterXlO**; 6 ml. diluted to lOf) ml. for conductivity measureiuont. 

2 Surlace tension of distilled water at 25® C. ■*71.07 d. per centinieter. 

OSMOTIC PRESSURE 

Two different typt^s of solutes, sucrose and sodium chloride, were 
used to determine the tolerance of naked sugar-beet steeds to osmotic 
pressure. This wafe done to check any effects that might be due' to 
factors other than osmotic pressure. Tabl(‘ 3 shows that sugar-beet 
seeds are tolerant to fairly high osmotic pressure and that the two 
solutions used gave fairly similar results. 


Osmot ic 
pressure 

Total 

solids 

A.sh 

Specific » 
conduct- 
ance 

Total 

nitro- 

gen 

Surface 
tension 2 
[M^r centi- 
meter 

Naked 
seeds 
penni- 
rmted 
after 121 
hours 

Atmos- 

pheres 

Percent 

Percent 


Percent 

Dynes 

Percent 

8. 18 

1 07 

1 087 

120.73 

0 0{)45 

51.4 


6.08 

1 73 

Am 

110.54 

.0582 


12 

0 08 

1 35 

.737 

83 06 

. 0533 


50 

0 62 

2 28 

1 201 

136 52 

. 0072 

47 4 

31 

12 27 

3. 15 

1.556 

171 01 

. 1320 

40 0 

22 

4.28 

1 37 

.760 

02.10 

.0884 


21 


Table 3. — Influence of osmotic pressure on the germination of naked sugar-beet seeds 


Solute used 

Osmotic 

pressure 

Nak( 

25 hours 

)d sc‘cds pel 

49 hours 

rminated a 

73 hours 

fter • 

142 hours 


Atmospheres 

Percent 

Percent 

Percent 

Perci nt 

W’^ater (check) 

0 

64 i 

88 

99 

99 


2 12 I 

67 

85 , 

06 

99 


4.20 

67 

89 

93 

97 


6 12 

55 

69 

79 

85 

Sucro.se . . 

8.40 

46 

67 

77 1 

82 


12.55 ; 

24 

40 

62 i 

69 


18.53 i 

4 

7 

14 1 

28 


23.67 

0 

0 

3 

13 


2.00 

75 

88 

94 

96 


3.94 1 

60 

74 

85 i 

87 


5.78 

46 

69 

78 

84 

Sodium chloride 

7,73 ! 

38 

66 

67 

74 


11.28 

15 

35 

50 

57 


15.55 1 

8 

21 

34 

35 


19.54 

0 

4 

12 

13 
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Sev(M*al other solutes were used in eonec'utrations having osmotic 
pressure values similar to that of variety 08 sugar-beet seed-ball ox- 
tract. The data in table 4 show that these isotonic, chemical solutions 
varied in tludr inHu(‘nc(‘ on seed germination. Diff(u*en(‘es in germina- 
tion up to 70 pcucent w(‘re observcnl on solutions having similar 
osmotic pr(*ssur(\ Urea, for example, was outstanding in toxicity. 
Th(' tips of the radich's from tlie seeds that gcu’ininated in the presence 
of un'a wer(' similar in appearance^ to those of radich's from seeds 
g(u*minat(*d on sugar-beet seed-ball extracts. 

It is evid(‘nt from the* data that important toxic (dfects on ger- 
minating seed cannot be* e*xplaine*el on tlie l)asis of osme)tic pre'ssure. 

'Vable 4. InJIuencA' of sugar-hcct srrd-hall fxtracAs amt of chemical solutions isotonic 
with certain seed-ball extracts on the germination of Jinked sugar-beet seeds 


Extnicl or solution used to TiH)ist(*n substratum 


Sunar-bpct xaricty 
(i« (<'\tra<‘t) 

08 (extract diluted with 2 parts water) - - 

08 (extract Altered through kieseljjiihr and cartK)ii bhu'k) 
Vn 

Am ionium sulfate 
Sod, im nitrate 
Sod nil chloride 
Sucrose 
Water (check) 


[Naked seeds perminated after — 


pressure 

22 hours 

40 hours 

121 hours 

AfjHosphntH 

J*eTcevt 

Percent 

Percent 

8 48 

0 

3 

3 

3 30 

9 

9 

25 

0 08 

0 

4 

12 

8 25 

1 

2 

3 

8 48 

13 

33 

39 

8 57 

13 

29 

39 

8 48 1 

17 

45 

57 

8 37 

25 

03 

73 

0 

64 

92 

94 


TOXICITY OF AMMONIA 
ItELE\sE OF Ammonia Durino (Jer.mination 

The* known instability of ure*a and a faint eieleir from the* ureui, 
similar to that from seeel-ball extracts, sugge*steel that ammonia might 
be re*leased during germination. 

Germination tests we*re conducteHl with naked sugar-beet seeds on 
seeel-ball extracts and chemical sedutions hermetically sealed in glass 
dishes. After 71 hours 2 liters of ammonia-free air was passed 
through the* dishes and Nessleu’^s solution. The r(*sults of this test 
showed that ammonia was libe'ratexl from all the se*e*d-ball extracts 
and solutions containing nitroge'ii and that there was an increase in 
alkalinity during germination (table 5). A comparison of the effect 
of the dilute ammonia anel urea solutions (table 5) shows that the 
concentration eif ammonia was givatest at the be*ginning of the test 
in the* elislu's containing the ammonia sedution; g(*munation was 
complet(*ly inhibite'd, anei alkalinity was high but decreased dui*ing 
the* te^st. The* dishes containing urea solutions started with a com- 
parative'ly le)w pH and low initial concentration of ammonia, which 
allowed some germination to start. During the test, howeveu*, the 
ammonia and alkalinity both increased to the point wliere meire 
ammonia was in equilibrium with the air in the dish(*S‘^containing urea 
than in those containing the ammonia solution. The behavior of 
asparagin solutions in this test was also interesting. Evidently very 
little ammonia vv^as n'leased until after about 2 days, when some 
apparently normal germination had taken place. Soon after this, 
however, the seedlings turned brown and no further germination 
occurred. This delayed action was evident in all subsequent tests 
with asparagin. 
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Table 5. — Free ammonia content of air drawn through vessels containing naked 
sugar-beet seeds germinating on various extracts and solutions 


Extract or .solution 

Osmotic 

prcnssure 

pH of 
fresh 
solution 

Ri^sults after 71 hours 

pH 

Naked 
seeds ger- 
minated 

Nitrogen * 

Sugar-beet variety. 


Atmospheres 



Percent 

Mo. 

68 (extract) 


8 48 

6.27 

8 20 

9 

0.027 

U. S 12-A (extract) - 


6 08 

.*) 60 

7 65 

29 

.009 

U S 12-B (extract) - . - 


9 62 

5.20 

7 80 

20 

.010 

U S (extract) . . 


12 27 

4 75 

7 54 

16 

010 

U S 12*1) (extract) . . 


4 28 

6. 50 

8. 16 

21 

015 

Aninionia (0 4 mg. N per ml ) _ - 



10 50 

8.16 

0 

050 

Urea (1.9 ixircent) 


: 8.25 

7.00 

8 55 

3 

.080 

Urea-f 1 iiercent NaCl 2 


1 8 30 

5. 13 

8 06 

15 

.040 

A.sparagiu (4 2 iKjrcent). _ . 




8.(K) 

31 

. (HIO 

Asparagin-f 1 percent NaCl * 


8 30 

4*33 

8 10 

40 

030 

Sodium nitrate .. 


8. .')7 

5 75 

7 72 

32 

009 

Ammonium sulfate - 


8 48 

5. 20 

6 48 

35 

,005 

Wut4*r (check) . 

-- 


* - 

f» 20 

% 

0 



_ 

1 

_ 




> As ammonia in 2 liters of air. 

2 Contained approximately 1 mg. of nitrogen iHir milliliter. 


Further ovidencf' on the rt'laiion of th(‘ rapidity of ammonia r(‘least‘ 
from nitrogenous compounds to toxicity was ohlaim^d in an experi- 
ment with s(H*d-ball extracts. In this test tln^ ammonia from th(‘ 
most r(*adily broken down nitrogen compounds was rcunoved from 
the s(‘(ul-l)all extract, and the toxicity of the modihc'd (‘xtract was then 
compared with a portion of the same' (‘xtract from which practically 
no ammonia had been removed. Two Imndred milliliters of h('at(‘d 
se(*d-ball extract was divid(‘d and 25 ml. of an (^xti'act from gf'rminat- 
ing seeds was adchnl to one of the lOO-ml. portions (..1), An equal 
amount of heated extract from germinating s(»eds was added to tin* 



1 ^. % ^ ^ m ^ #1 
w ♦ .f * * I 


• ^ . 

• > 


9 ^ 


X - • 

£ 


f < t 1 

♦ ^ ^ 


4y t # 


% 


Figure 3. — Relation of the nitrogen content of seed-ball extracts to delayed 
toxicity: A, Seed-hall extract from which 0.272 mg. of nitrogen as ammonia 
per milliliter was removed prior to testing toxicity; B, seed-ball extract from 
which practically no nitrogen had been removed prior to testing toxicity. 
Note almost complete inhibition of germination in B and delayed toxicity in A; 
darkening of sprouts in A is typical of ammonia injury. 
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oihei* portion {B) of so('d-ball extract, and both mixtures were incu- 
bated for 4 days. Botli samples were then aspirated; 0.272 m^. of 
nitrogen as ammonia pen* milliliter of solution was removed from 
while only 0.002 mg. was removed from B, Both samples were then 
heated to stop further action, and their toxicity to germinating S(U‘ds 
companMl. Although the final pH of both lots after 90 hours of 
gcM’inination was practically the same and sprouts from both samples 
W(n*(' ultimately kilh^d, germination counts showed that the removal 
of mon* ammonia from A rc^sultc^d in increas(‘d germination (fig. 3, 
A and B). Forty-eight perccuit of the s(»ed on the seed-ball extract 
from which very little ammonia luul been removed germinated in 
90 hours, while 81 peicent of the seed on the s(H*d-ball extract from 
which the larger amount of ammonia had been removed germinated. 

Toxir IOffect of Ammoni\ on Suoar-Beet Seeds and Seedlings 

To obtain furtiuT information on the efiect of ammonia, tests were 
conducted to determine tin* tol<*rance of seedlings and okhu* sugar-beet 
plants to ammonia solutions and sugar-beet seed-ball extracts. Three- 
W(H‘k and two-month-old plants wtu-c' supported through corks and 
their roots submerged in seed-ball extracts and hi an ammonia solution 
containing 0.4 mg. of nitrogen as ammonia per millilitcT. All of tlu' 
small(‘r plants collapsed within 4 hours. The roots of tlu^ larger 
plants turiu'd black, and the leaves began to dry in 18 hours. \Vat(*r 
ch(‘cks starU'd at th(‘ same time were still living at the end of 2 months. 

In anotlun* tc'st small scM'dlings w(T(‘ placed in water culture and 
the vials put in a larger container. Enough of the aliovt^nentioned 
ammonia solution was placed in the large container to (‘over the bot- 
tom to a d(‘pth of on<*-(|uarter of an inch, and the large container was 
then s(»ah‘d. Although the small seedlings were not in (contact with 
the ammonia soluthm, within 2 hours sufficient ammonia had accu- 
mulat(*d wu'thin tin* aerial parts to cause their collapse. Subsc'quent 
t('sts, ((‘ported in tabh* 6, show’cd that amimmia concentrations above 
0.1 mg. of nitrogen per milliliter decreased giumination of naked 
sugar-l)eet se(‘ds. F^urtln'r t(‘sts (sec fig. 4) indicated that much low’'(‘r 
conc(‘ntrati()ns of ammonia, if ('H’(‘ctiv(‘ly maintained, would inhibit 
g<*rmination. 

Table (>.- Jnjlumce of several different concerdraiions of free ammonia on germina- 
tion of naked sugar-beet seeds 




pll Of solu- 

Naked seeds germinated after— 

Nitrogen* (milligrams) 

pll of fresh 
solution 

tion after 




germma- 






tion 1 

22 hour*' 

t>5 hours 

120 hours 




Percent 

Percent 

Percent 

Whaler (check) 

5 57 

6 20 

53 

95 

95 

0.025 

8 50 

0 51 

47 

90 

% 

93 

.050 

9 36 

7 01 

39 

93 

.1(K) 

9 IK) 

7 51 

21 1 

()9 

74 

.200,— - - 

10 20 

8 12 

12 1 

.50 

57 

.300- -- - - 

10. 30 

8.30 

7 1 

12 

14 

.400 

10. 50 

8 40 

h 1 

0 

0 

.800 

10 72 

8 53 

0 1 

1 

0 

0 


> As amiTionla per milliliter of solution. 
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Nitrogen Analysis of Sugar-Beet Seed-Ball Extracts and Chemical 
Solutions Before and After Germination 

To dotermino whether toxic amounts of ammonia were released 
from certain chemical solutions and seed-ball extracts by germinating 
seed, nitrogen analyses were made on seed-ball extracts and chemical 
solutions immiHliately after their preparation and also after their 
r(‘covery from the cotton substratum on which naked sugar-beet seeds 
had been germinated for 5 days. The results of these analyses are 
shown in table 7. Free ammonia was liberated from the nitrogen 
compounds of all the extracts and synthetic solutions. The presence 
of the liberatc'd ammonia is reflected in the rise in pH. The pH 
values after gi'rraination (table 7) did not rise so high during ger- 
mination as in several other instances where germination was con- 
ducted in smaller dishes and on thiimer substrata. The significant 
data in table 7 are the increases in the amount of free ammonia in the 
substrata after seed germination. The amounts in most instances arc 
more than sufTicient to cause inhibition of germination, especially 
since the ammonia was released during germination and tendi'd to 
increase as giumination proceeded rather tlian to be decreasi'd by loss 
or neutralization, as was evident in tests where ammonia solutions 
were used. The amounts of combined ammonium ion serve to indi- 
cate the relative buffering capacities of the solutions or extracts. No 
significance was attached to the small changes in amide nitrogen. 
Residual and total nitrogen determinations were merely checks on 
technique. 

Table 7. — Analyses of the nitrogenous constituents of sugar-beet seed-ball extracts 
and solutions of urea and asparagin 


lAnalyses of fr«sh solutions anti of solutions rocoveml from substrata on which seeds had Ix'cn ffcrnunaled] 




• 

Fresh solution 



Solution after germinal ion (5 days) 

Sourty of extract or 



Nitrogen ' as— 




Nitrogen 1 a.s— 


synthetic solution 













pH 

“ ^ 

Com- 

bined 

NII 4 + 

Amide 

N 

Rt'sid- 

ual 

N 

Total 

N 

pH 

Free 

NHs 

Com- 

bined 

NUC 

Amide 

N 

Resid- 

ual 

N 

3'otal 

N 


.Sugar-beet variety: 


Mg. 

Mg. 

Mg. 

Mg. 

Mg. 


Mg. 

Mg. 

Mg. 

Mg. 

Mg. 

68 

6 27 

0 

0,081 

0 199 

0 398 

0. 678 

7 70 

0 315 

0. 044 

0. 159 

0 157 

0. 675 

U. S. 12-A 

6 50 

0 

.049 

.006 

368 

48.3 

7. .58 

228 

. (K)7 

. 031 

. 2 t)l 

.5,30 

U. S. 12-C 

4 75 

0 

. ](K) 

. 132 

1 097 

1.329 

7.64 

.364 

.216 

. 187 

.575 

1 .342 

V. S. 12-1) 

5 50 

0 

073 

.163 

666 

902 

7. 55 

370 

020 

(VWi 

. 361 

817 

ITrea+l percent NaCL 
Asparagin +1 percent 
NaOl 

5 . 13 

0 

.001 

198 

.799 

998 

7.5H 

146 

, 034 

. 325 

.534 

1.039 

4.33 

0 

.(KK) 

.386 

.437 

.823 

7.58 

.707 

.085 

.012 

.102 

.906 


> Measured as milligrams lier milliliter of solution. 


Ammonia Released by Ii’nzymatic Hydbolysis 

Further studies were conducted to determine the source of the 
hydrolytic agent responsible for the release of free ammonia from 
seed-ball extracts and certain chemical solutions containing organic 
nitrogen. Two sets of Petri dishes were prepared for germination 
tests. The substrata of one set were moistened with sugar-beet 
seed-b^ extract and those of the other with 0.25-perccnt urea solution. 
The dishes were covered and steamed at 20 pounds’ pressure for 30 
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minuU's and w(M‘e ihon cooUul, and naked sugar-b(‘el seeds that had 
been shaken with toluene were placed in one-half of each lot of dishes. 
All planting was done under a General Electric germicidal lamp 
(2,537 A. U. radiation) in a closed inoculation chamber. Aftcu* 93 
hours the liauid was recoven^d from the dishc's and immediately 
analyzed. The result of the analysis (tabh' 8) indicates that tlu^ secul 
carriers a hydrolytic agent that is probably enzymatic in chara(*t('r. 

Tests W(U’(‘ run in whi(‘h germinating scmhIs were ground and (ex- 
tracted with water. This extract was added to sugar-be(et s(eed-ball 
extract and chcemical solutions, and analyz(ed imm(ediat(*ly after mixing 
and aft(‘r periods of incubation at 30° C. One flask (.•oiitaining seed- 
ball (‘xtract and the above-mentioned extract from germinating seed 
was h(eated at 20 pounds^ pr(‘ssure for 30 minutes. The analyses are 
pr(es(ent(*(l in tabhr 9. It is evident from the data in table 9 that an 
extract ])r(*pared from g('rminating beet seed lias hydrolytic properties 
similar to those of intact germinating secnls and that this hydrolytic 
agent is heat-labile. 


Table 8.-- Xiirogeti released by germinating sugar-beet seeds under sterile conditions 


1 Seeds were w’ashod in toluene] 


1 

Nilropeii as 

'rreatment 

pU 

fret' ammonia 
tHT irilllllltlT 




Sugar-t»eet seeddmll extiact (no seeds) 

/) 70 

0 007 

SuL»ar-heet seed-ball extract (.'iO seeds jmt dish) 

8 23 

254 

0.25 percent urea (no »ee<ls) 

7 63 

. 032 

0.25 i>ereen( urea (50 set'ds per dish) 

8 61 

.-143 


Table 9. — Analyses of seed-hall extracts and of chemical solutions incubated in glass 
bottles at C. with a solution prepared from germinating naked sugar-beet 
suds 


Source ol extract or solution 


Ineu* 
hat ion 
I>erio<i 


Sugar-beet variety 
U. S. 12-D 

IT. S. 12-D (steamed at 20 pounds’ pres- 
sure for 30 minutes) , 

68 


Asparapin+I percent NaCL_. .. . 


IJrea+l percent NaCl. 


Days 

0 

3 
6 
2 

4 
6 
0 
.3 
6 
0 
3 
6 
0 
3 
6 


Nitrogen ]>er nnllihter of 'Solution 


pH 

Free 

NIIi 

Com- 

bined 

Nile 

\uii<le 

N 

Uesidual 

N 

Total 

N 


Mg 


Mg \ 

Mg 

Mg, 

5 50 

0 

0 132 

0 070 

0 542 

0 744 


. 180 

.073 

on 

m 

756 

7 30 

170 

087 

.081 

.436 

774 

5.50 

002 

170 

0.54 

. 584 

.810 


.002 

170 

. 065 

500 

.845 

5 57 

OOl 

. 158 

.086 

. .580 

.837 

6 27 

0 

no 

.171 

. 3.55 

645 


301 

. 023 

.053 

. 269 

! 046 

A' 23 

:i05 

.0.36 

.013 

2.58 

.642 

4 33 

0 

010 

.317 

378 

.714 


. 324 

318 

.010 

074 

. 726 

7..W 

3.50 

21K) 

015 

.080 

735 

5. 13 

0 

m 

. 176 

637 

.821 


.217 

064 

. 077 

. 450 

.817 

'K70 

. 325 

. 054 

124 

.341 

.844 


The previous tests indicated the presence of urease, asparaginase, 
and probably other proteases. The presence of urease in naked sugar- 
beet seeds was shown by employing the technique described by Annett 
( 1 ). Five grams of naked sugar-beet seeds was ground to a fine 
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powder and shaken with 50 ml. of distilled water in the presence of 
toluene for IK hours. The mixture was filtered, and 10 ml. of the 
filtrate was addcnl to 50 ml. of 0.25-percent urea solution. Some of 
the samph's r(^('eived 0.5 rnl. of toluene each; no toluene was added to 
the others. P^ive ml. of the mixtur<',s was titratc'd immediately with 
0.0;15 N hydrochloric, acid (HCl) and lik(* amounts at various intervals 
thereafter over a pi'riod of 165 hours. Methyl rid was used as thc^ 
indicator. The n^sults are shown in table 10. It is evident from tin* 
data in table 10 that the urease contiait of su^ar-beet seed is very 
low as compared to that of soybeans, swordbeans, or jackbeans, aiul 
that the hydrolysis is d(‘creased by the addition of tolinme. The 
decreased hydrolysis in the presence of toluene may have been (llH^ 
to decreaseil activity of unaise or to slij^ht microbial action in the 
absiaice of tolueiu*. 


Table 10 . Urease content of naked sugar-bed seeds • as indicated by the quantities 
of hydrochloric acid {0.035 N) used in titrations 



Hydrochloric add rciiiiip'd with— 

'J'im*‘ elapsed from hcginmnc of t<\‘«l (hours) i 

i 

ri(‘a (toluene 
chcck'i 

l’rca+ 

I'li'/yinc 

Urca-f 

euzyme-f- 

toluene 


MiUihlnn 

MiltihfnH 

MilUhfers 

0 . 


0 10 

0 10 

MS- - 

0 

.42 

.40 

21 .. .. . ... 

I 0 ! 

1 m 

.90 

45 

0 j 

1.60 

1 48 

(19. 

0 ! 

2 OS 

1 02 

03 

i 

2 05 

2 25 

117 

0 

3 50 

2 40 

165.. -- .... 

^ 1 

4 20 

2 58 



pit 

pit 

Reaction at 165 hours .. . 

6.70 j 

8. 73 

0 00 


‘ T) ml. of .sampli* titrated with 0.03.'t N hydrochloric acid, nH'tli>i ic<l ummI us indicator. 


pH STUDIES 

The aiTunoiiiu toxicity previously eiicoiiiitered was associated with 
a rise in j)!!. Therefore, to evjiluatc s(‘parately the iiiHiience of pH 
and ammonia, further tests wete conducted. "The chanp-s in the pH 
of scv(>ral s('ed-ball extracts and solutions that w'«'re observed duiing 
germination tests are shown in table 11. S(>vcral attempts were 
made to stabilize the pH of (*xtracts at low valiu's and the i)H of 
prepared solutions at high values to test the range at which seeds 
W'ould germinate. Several buffer solutions were tried, none of w'hich 
successfully stabilized pH during germination. The results of some 
of the tests are given in table 12. The addition of «Mther citric acid 
or calcium sulfate to seed-ball extracts retarded the toxic action on 
germinating seed and permitted greater sprout development. Ulti- 
mat(dy, however, the killing of root tips was just as pronounced and 
the rise, in pH nearly as high as when no buffer was usc<f. The effect 
of germinating seeds on prepared solutions of high initial pH was 
similar to that already noted on ammonia solutions. The drop in pH 
of these solutions must have been brought about by the bufferitig 
action of organic acids and carbon dioxide uberated during germination, 
which indicates that the initial stages of germination can proceed 
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wh(‘n alkiilinity is rolativi'ly lii^h. Fiirtlior tc'sts to determiiu' tlio 
influonco of alkalinity and of arnmoniuin hydroxide on the germination 
of s(»eds and growth of sprouts were iiiadc' by subjecting the thin 
cotton substrata on which the seeds were placed to a continuous flow 
of solutions of definite pll values. 

Tahle 1 1 . pll valuea of several sagai-beel seed-hall extracts and of chemical solutio?i>s 
before and after naked sugar-beet seeds had been germinated on them jor 7 days 


.S()iirc(‘ of cAtract or solution 


Dhtillcd waler..- 
SuRar-boot varioiy 
U. S. 12-A 

U. S, I2-B 

S 12-r 

V. S 12-1) 

I' S 12 1) (MO S(V(ls) 

m 

\ spurn}! in und salt . 

Itou and ‘viilt 
1 'n'a 
NuNOs 

(NUdjSU* 

0.10 Tnpr. N as NHa per Tnl 
0 20 nip N as NIU per nd . 


pH of fresh 
solution 

pll of solutions 
after seeds were 
germ muted on 
them 

DilTerence in 
I)H beiore and 
alter pernii- 
uation 

1 6. r.7 

0 81 

1 24 


7 00 

1 2 40 

1 20 

7 HO 1 

2 fM) 

1 t 7^. i 

' 7 61 1 

1 2 70 

1 .6 fid 

' S 06 ! 

1 3 16 

■ S M 

1 2 6 70 

1 

, 0 27 

! s 00 j 

1 2 :to 

1 1 

1 H S.6 

4 02 

: 

K i:t 

2 iO 

7 (Ki 

H 6.6 

I 66 

7.5 

7 22 

1 47 

r> 20 

r, 4s 

1 2H 

10 :>o 

I H 40 

~2 10 

10 20 

j S 06 

i 

-2 16 


' A veratre of so\(ral inoasurerra nf.s durinir losi.s Jm'' no Munirieanre oAropt lo shf)u tiend of oliaiige dunnc 
fUTimnation tests. 

2 Check to sliow jdl chnnue without trerminalinc sjmuIs 


Tabt.e 12 . — Influence of huffeis on change in pll of extracie and several solutions 
du) mg gr rmination of naked sugar-beet seeds 


1 

Soiiree of tnl met or soliifioii 

pH of lre.'*h 
solution 

jiH of solu- 
tion after 
sc(*d had 

Germ Illa- 
tion 
period 

Ntikcd 
sect is 
}!erini- 



pcrminalctl 

noted 

Sucar-beet variety 



JJnnrx 

Percerif 

U.S 12 -n. Diluted 1.! with citric acid solution ... 

1 20 

S 7H 

120 

SO 

IT. S. 12-D. Diluted 1 1 with watc** _ 

6 .60 

H S3 

120 

70 

1' S 12-D. Diluted 1.1 with calcuirn sulfate 





solution , - . . . - — 

6 (K) 

H 67 

91 

82 


f S 10 

0 70 

72 

90 

Sodium hydrovide 

*[ S HO j 

0 90 

72 

91 

( 10 70 

7 IS 

72 

90 

Sod ium carbonate ... 

10 fio i 

8 OS 

72 

•Sfi 

Calcium carbonate - . . 

20 

0 90 

72 

91 

Dhsodium phosjihate plus sodium carbonate plus 

/ 0 26 

S 07 

HH 

92 

tartaric acid - 

1 M OH 

9 12 

SS 

HH 


' H 72 

7 76 

11 

60 


0 70 

7 90 

11 

68 

1 iHTccnt disodiiim phosiiliatc plus .sodium hydroxide 

10 12 
10 .67 

H (K) 

H 20 

41 

41 

40 

62 


U 12 

i 8 66 

41 

12 


1 1 70 

9 21 

41 

8 

In a lest (icsigiUHl to dctcrmiiu' 

the effect of a manitaincd pH as 


obtaiiH'd t»y a conlinuoua How of solulion throufrh the substratum, 
tlie following inetliod was used. The s<‘eds were placed on the cotton 
substratum, after which the Petri disln's were covered and sealed 
with wax, and a flow of about 100 ml. per hour was allowed to drip, 
through a seah'd-in glass tube, on th(i uppei- edge of the cotton, then flow 
through the substratum to the opposite side of the dish, and discharge* 
through a small hole drilled in the bottom of tbe dish. A small end 
of the cotton substratum pulled through tin* hole in the bottom of 
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the dish servod as a wick to remove the excess solution without allow- 
ing the (uitrance of air. The results of those tests (tables 13, 14, and 
15) show that seeds will germinate at a fairly high pH on such solutions 
as monopotassium phosphate (KH2PO4) and sodium carbonate (N a 2 C 03 ), 
where potassium hydroxide (KOH) was used to raise the pH. Some 
injury was noticed at the higher pH values on sodium carbonate solu- 
tions, but this was slight compared to that produced by ammonia at 
much lower pH values. The relative effect of the thre<^ kinds of 
solution on germination percentage and tin’s increased effectiveness of 
maintained concentrations an* shown in figure 4. 



Figure 4.— Effect of pH and ammonia concentration (mg. N per mi.) on tiio 
germination of naked sugar-beet seeds: A, Relative effect of higii pH value due 
to ammonium hydroxide and other bases, in a continuous flow experiment; 
H, relative effect of maintaining tiie concentration of ammonia by a continuous 
flow of solution through substratum and of using 9 ml. of solution at beginning 
and not changing solution. 


Table Influence of a solution of monopotassium phosphate and potassium 
hydroxide on the germination of cucumber and naked sugar-beet seeds ^ 



pH of 

20 hours 

44 hours 

Kind of seed 

supply 

solution 

Seeds eer- 
niirmU'd 

pll 

Seeds per- 
ndnated 

1>H 


8. 30 

Percent 

r)6 

7. 37 

Perce nt 

100 

7.18 


Q 10 

o2 

7. 77 

100 

0 75 

Cucumber seeds 

9.98 

41 

9 35 

92 

8 31 

10 68 

40 

10 52 

96 

10 12 


11,06 

44 

10 83 

84 

11,01 


S 30 

51 

7. 67 

88 

7 65 

* 

9. 40 

54 

8. 18 

92 

7. iO 

Naked sugar-beet seeds.. 

9.98 

54 

9. 76 

96 

9 48 

10 6H 

51 

10 63 

96 

to. 55 


11.06 

6S 

11.03 

90 

11.01 


1 1 gm. of KHjP 04 per 18 liters of solution; KOH used to raise pH to value noted. 
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It is also evi(l(»nt from tablo 15 that Uie amount of ammonium salt 
prosont at a fairly high pH is imT3ortant. Th(‘ solution having a pH 
of 9.31 and containing ().()67 mg. of nitrogen per milliliter showed 
gr(»a.tcr toxicity than the one having a pll of 9.72 but containing only 
0.029 mg. of nitrogen per milliliter. The fact that, when the concen- 
tration is rnaintaim^d, a solution containing a very small amount of 
ammonia may be toxi(i has apparently not been recognized. 

Table 14. — Tnjlucrwr of sodium carbonate solutions at various pi I values on the 
germination of cucumber and naked, sugar-beet seeds 





18 hours 

41 hours 


08 hours 


NajfT), 

pll of 








Kind of seed 

addeil to 

IS liters 

supply 

solu- 

Seeds 


Seeds 


Seeds 


Average 


of lIjO 

tion 

permi- 

pH 

germi- 

pll 

gi'rmi- 

pH 

length of 




naled 


nated 


uated 


sprouts 


Or aim 


Permit 


P free lit 

■ 

Permit 


Mm, 


fO 

S 7h 

84 

7 .M 

92 

7 OS 

90 

7 82 

17 4 

1 

1 () 

1 9 (lO 1 

88 

8 88 

90 

9 0() 

90 1 

9 20 

20 4 

Cueuinber seeds | 

■ 2 1 

i 9 9(» i 

84 

9 a.') 

1(K) 

5> .')8 

KM) 

9 r^7 

14 4 


1 (H- KOll 

, 10 02 ! 

88 

9 98 

90 

1 10 .')7 

90 

K) 2.'') 

0 ^ 


o-f koji 

i u 1 

88 

10 98 

UK) 

1 10 99 

KM) 

10 9b 

a 


3 

1 s 70 ! 

Ob 

7 (»0 

94 

7 81 

94 

7 SO 

0 0 


1 0 

, 9 (lO 1 

1 M 

8 92 

i 9(> 

9 20 

90 

9 K) 

4 0 

Naked sugar- heel 

2 1 

1 9 90 

1 on 

9 44 

1 84 

9 48 

92 

9 .V2 

3 7 

seeds 

3(1+ KOI 11 KM/i 

. (»4 

10 22 

82 

10 2.^ 

94 

1 K) 22 

3 0 


riO-tKOlIl 11,1-1 

S2 

11 03 

1 08 

11 02 

88 

! 11 02 

1 

2 2 


Table 15.-- Influence of ammonia solutions at various pif values on the germination 
of cucumber and naked sugar-beet seeds 


21 hours ! IH hours 


72 hours 


Kind (jf bced 


('ucuinlxT .S4rds . 


Naked supar l>eet .seedti. 


(MI OI 

siippl> 

solu- 

tion 

Nitro- 
geii I 

Seeds 

g«*niii- 

pH 

Seeds 

gernu- 

i>ji 

.+*eds 

germi- 

pU 

Average 
length of 



nail'd 


nafed 


nated 


sprouts 

If 8 48 i 

Miflh 
f/ra in 

0 014 

Permit 

80 

8 O."! 

Percent 

88 

7 94 

Percent 

92 

8 07 

Mtllh 

meters 

24 (K) 

; 9 31 

i 007 1 

i 8 

9 09 

92 

9 29 

9(> 

9 19 1 

2 44 

9 72 

1 029 

40 

9 4b : 

84 

9 03 

92 

•> 50 

3 48 

10 38 

047 

1 

1 10 10 ! 

0 

10 37 

0 

)') 28 

0 

'f S 48 

1 014 

74 

8 27 1 

90 

8 38 

9() 

8 IK 

0 (Kj 

ij 9 31 

1 007 

1 10 

9 18 ; 

22 

9 29 

22 

9 25 

38 

11 9 72 ; 

; 029 

! 28 

9 M) 1 

52 i 

9 08 

02 

9 05 

1.34 

1 10 38 

M7 1 

0 

10 12 1 

1 

« 

10 38 

1 0 

10. .32 

0 


» Measun'd as riiilhgranis per milliliter of fre.sh solution 

2 The pll value of this solution was overst(‘piM*d, a small amount of phosphoric acid ( IlaCOd w as therefore 
added and the pll readjusted with NHiOU. 


INP’LUENCE OF OSMOTIC PRESSURE AND AMMONIA ON THE GERMINATION OF 

CERTAIN SEEDS 

The toxi(*ity of the waier-solubh'. extract from sugar-beet set'd balls 
is not specific* for sugar-beet si'ed but also aifects the germination of 
several other seeds. Table 10 shows the clfect of sugar-beet set‘d-ball 
extract on the germination of onion, lettuce, radish, cucumber, 
cantaloup, tomato, sweet (*orn, and bean seeds. The germination of 
some of these seeds was totally inhibited while that of others was 
merely retarded. There was either an inhibitory or retarding effect 
on the germination of all kinds of seed on which the extract was 
tested. 
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Table 16. — Influence of seed-hall extract of sugar-beet variety 68 on germination of 

seeds of various plants 


Kind and variety of seed 


Sugar beet (Variety 68, naked) - - 
Kadish (Scarlet White Tip) .. 

Lettuce (New York No 12) 

Cucumber (Klondike White Spine) . 
Onion (Sweet Siianish, or Valencia) — 
'romato (New Stone) 

(’’antaloup (Hale Best) - . 

Sweet corn (Oolden Bantam) 

Beans (Red Kid ne.v ) 


Seeds germinated after — 


Treatment 


rWater (check) 
(Extract - . 
/Water (check) 
t Extract _ . 
/Water (check) 
(Extract - 
/Water (check) 

( Extract 
/Water (check) 
(Extract - . 

/ W ater (check) - 
(Extrac't 
/Wafer (check) 

1 Extract - 
/Water (check) 

I Extract 
/Water (check) 
(Extract . 



19 

hours 

45 

hours 

64 

hours 

90 

hours 

138 

hours 


Percent 

Percent 

Percent 

Percent 

Percent 


56 

86 

88, 

88 

88 


0 

3 

5 

5 i 

6 


36 

60 

72 

84 , 

90 


0 

2 

2 

2j 

2 


70 

84 

84 1 

86 

88 


0 

0 

^ i 

0 

0 


66 

94 

98 

98 

98 


0 

50 

m ! 

i 66 

66 


0 

58 

74 

78 

82 


0 

0 

8 

10 

10 


0 

60 

92 

96 ; 

96 


0 

0 

4 

4 ! 

4 


0 

58 

66 

72 

76 


0 

0 

0 

0 

0 


0 

85 

100 

JOO 

100 


0 

0 

40 

75 

80 

■■ 

0 

5 

.35 

55 

70 


0 

0 

35 

55 

65 




' - 




1 Tips of radicles barely visible, no subsequent growth. 



Fiotjbb 5. — Ejffect of osmotic pressure on the ultimate germination of several 
kinds of seeds on a substratum moistened with a sodium chloride solution. 
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Table 17 . — Influence of osmotic pressure on the germination of several kinds of seeds 
(Substratum moistonod with w’ator, sucrose, anti a sodium chloride solution] 


Seeds germinated after— 


Kind and variety of seed 

Solution used 

WMIIKU IC 

pressure 

25 

49 

73 

112 

257 




hours 

hours 

hours 

hours 

hours 



AttnoH- 

pheren 

Percent 

Percent 

Percent 

Percent 

Percent 


/Water f check) 


68 

81 

88 

95 

, 



/ 2 12 

30 

57 

72 

76 




4 2i» 

25 

60 

01 

07 




« 12 

2;i 

54 

02 

67 



Sucrose . . 

S 40 

:i 

47 

55 

59 


Badish (Scarlet White 'rip). _ 


12 '>5 
IK .'):i 

1 

0 

12 

1 

20 

2 

26 

6 

- - 



n 07 

0 

0 

0 

0 




2 00 

51 

74 


85 

. 



3 94 

33 

50 

70 

79 




5 78 

31 

00 

00 

70 



Isodium chloride- . 

7 73 

20 

40 

59 

U7 




11 2S 

0 

17 

:i7 

51 




15 55 

0 

4 

12 

20 




19 54 

0 

0 

0 

0 



W uter f check) 


90 

94 

90 

97 




71 

81 

87 

92 


lx.*ltuce (New York No \‘J) 

Sucrose . 

J 4 29 

) 0 12 

47 

1 

03 

10 

72 

19 

79 

24 




1 8 40 

0 

0 

d 

0 

. 



f 2 (K) 

89 

91 

i 90 




Sodium chloride-- 

1 3 91 

1 5 78 

55 

•1 

72 

10 

i 

87 

15 





1 7 73 

0 

0 

d 

0 



AVatei (check) 



40 

94 

; \H\ 

98 

98 



2 12 

30 

94 

1 90 

98 

1 98 



\ 29 

4 

91 

1(K) 

IIX) 

100 

Ciuaimlxjr (Klondike Wliite 
Spine). 

Siiciosc .. . . 

0 12 

8 40 
12 55 
18 5:1 

0 

0 

0 

0 

80 

28 

0 

0 

98 

70 

d 

d 

100 

84 

0 

0 

100 

84 

8 

0 

i 


2 00 

30 

90 

90 

90 

90 



3 94 

H 

90 

, 1(K) 

' 1(H) 

! 100 

1 

1 

5 78 

1 0 

92 

1 90 

98 

1 98 

! 

Sodium cliloridc 1 

7 73 

i 0 

«)0 

1 90 

I 100 

1 !(K) 

1 

11 28 

( 0 

0 

1 30 


1 80 

I 

15 55 

1 

0 

1 ^ 

( 0 



19 54 

1 

0 

0 

0 

! 0 


AN aler (check) | 


0 

15 

09 

89 

95 



2 12 

i i 

1 

51 

87 

92 



4 29 

i ^ ' 

2 

19 

73 

88 



r, 12 

! 0 

0 , 

7 

01 1 

78 

Onion (Sweet S[)anish, (»i \ a- | 

Siicnisc 

8 10 

1 

d 

2 

39 

1 

72 


12 55 ; 

: 0 

« 

0 

! 16 

lencia). 

IS 53 I 

0 

1 0 

0 

0 

2 



, 07 


! 0 

0 

0 

0 



2 00 

0 

0 

! 40 

80 

90 



3 94 

0 1 

1 

28 

77 

87 



5 78 

« 1 

0 

12 

83 

92 


IStKlium '•hloride.- 

7 73 


0 

2 ' 

39 

64 

1 


11 28 

0 

0 

2 1 

19 

63 

1 


15 55 


0 

d 

1 

17 



19 54 

0 ! 

0 

0 

0 ; 

3 


AN aler (check) 


1 0 

1 

31 

94 i 

98 



2 12 

! 0 

0 ! 

5 

78 ! 

97 

Tomato (New Slone)-- . . 

Sucrose . 

4 29 1 
0 12 

8 40 

0 

1 0 

0 

ji 

0 

1 

0 

19 

1 

0 

74 

19 

0 



2 (M) 

1 

0 

0 

35 

97 



3 94 

0 

0 

0 

8 

95 


Sodium chloride - 

5 78 

0 ! 

0 

0 

0 

80 



7 73 

0 

0 

0 

0 

16 



11 28 

0 

0 

0 

0 

0 


1 Water (check) 


0 

0 

10 

50 

80 

Cantaloup (Hale Best) 

1 Sucrose . . 

( 2 12 

1 4 29 

0 

0 

0 

0 

2 

d 

4 

0 

6 

0 



( 2 IK) 

0 

0 

1 ! 

10 

54 


[sodiura chloride-- 

1 3 94 

1 5 78 

0 

0 

0 

0 

d ! 

2 

0 

12 

2 




0 

0 


0 

0 


420781—41 
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After it had been demonstrated that there was some differential 
response of several different kinds of seeds to sugar-beet seed-ball 
extracts, further tests were conducted to determine th(» relative? 
tolerance of th(\se seeds to osmotic pressure. The data in table 17 
and figure 5 indicate that there was a differential response to osmotic 
pressure. It is evident that seeds of sugar beet, onion, radish, and 
cucumber were not so sensitive to osmotic, pressure as tliose of lettuce, 
tomato, and cantaloup. Furthermore, there was no typical darkening 
and killing of the sprouts with sucrose and sodium chloride solutions 
such as had occurred when sugar-beet seed-ball extract was used. 

The tolerance of these same seeds to dilute ammonia solutions is 
shown in table 18. All seeds tested were? retarded in germination by 
concentrations of from 0.2 to 0.4 mg. of nitrog(ni as ammonia per 
milliliter. The pH of the substratum was loweri^d even more than in 
tests with beet seeds. Further tests showed that the germination of 
these seeds was completely inhibited when the concentration of free 
ammonia was maintained, as in the test on cucuiiiber and naked sugar- 
beet seeds (table 15 and fig. 4). 

Table 18 . — Toxicity of ammonia as indicated by its power to inhibit the germination 

of various seeds 


Kind and variety of s(*ed germinated 

N as Nila 
lK*r mi 111 - 

pll of 
fresh 
solu- 
tion 

pll 

after 

germi- 

nation 

Seeds g<*rminated aft(*r— 

htt*r of 
fresh 
.solution 

48 

hours 

78 

hours 

120 

hours 

Radish (Scarlet Wliite Tip) 

Milligram 



Perctnt 

Percent 

Percent 

1 None 

5 57 


60 

78 

8G 


0. 1 

9 90 

4 82 

64 

88 

94 


.2 

10 20 

i 78 

34 

58 

88 


3 

10 30 

4 99 

6 

.50 

64 

Onion (Sweet SpaiiKsh, or Valencia) 

.4 

10 r»o 

5. 76 

2 

38 

76 

60 

* None 

5 57 

58 

82 


, 1 

0 00 

4 91 

24 

82 

80 


.2 

10 20 

5 78 

24 

7ft 

84 


3 

10 30 

6 83 1 

4 

5ft 

64 

Lettuce (New York No. 12) 

4 

10, .')0 

S. 07 

2 

10 

4ft 

> None 

5 57 

84 


8ft 


1 

9 90 

4 81 

92 

92 

92 


2 

10 20 

7. .50 

0 

0 

28 


.3 

10 .30 

7. 73 

0 

0 

0 

Tomato (New Stone) 

4 

10 50 

7. 8.3 

0 

1 0 


> None 

5 57 

60 

1 94 

! 96 


1 

9. 1)0 

5 17 

24 

78 

86 


.2 

10.20 

5 20 

ft 

86 

90 


.3 

10 .30 

6 20 

0 

6ft 

80 

Cantaloup (Halo Best) 

.4 

10. .'iO 

6.28 

0 

22 

78 

74 

’ None 

f». 57 


58 

69 


1 

9.00 

' 6 80 

0 

40 

76 


.2 

10 20 

7 18 

0 

32 

60 


.3 

10 30 

6. 92 

0 

12 

50 

Cucumber (Klondike White Spine). . 

.4 

> None 

10 50 

5 57 

7. 10 

6 10 

0 

0 

0 

90 

20 

100 


. 1 

9 90 

5 9.5 

0 

100 

100 


.2 

10. 20 

5. 72 

0 

94 

98 


.3 

10. 30 

6 65 

0 

82 

90 


.4 

10 50 

7 31 

0 

40 

93 


» Water; check solution. 


SOME PIWPERTIES OF EXTRACTS PROM SEVERAL DRY FRUITS 

Studies were conducted to determine whether the physical and 
chemical properties of water-soluble extracts of other dry fruits were 
similar to those of sugar-beet seed-ball extracts. Extracts were pre- 
pi^ed from the ripened seeds of lettuce, oats, barley, spinach, and 
celery. Table 19 shows some of the properties of these extracts and 
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also a comparison of tlicir ('fleet on the ^germination of botli lettnee and 
nakc'd sii{^ar-b('('t sc'eds. It is evidc'nt that the extra(‘ts from all of the 
s('('(ls test(‘d had some n'tardin^ ('fleet on tin' germination of both be(‘t 
and lettuce s('('ds. With the (‘xtracts of barley, oats, spinacdi, and one 
of th(» lots of l(‘ttu<*e se('d, this retarding (‘fleet on g(‘rmination was 
rather small. Tin* extract from c('lery se(‘(ls comph'tely inhibit(‘(l the 
p'rinination of l(‘ttiic(* s(‘('(ls and r('duc(*d the f^;(‘rmination of naked 
su^ar-b(*(*t se(*ds. Th(‘ (*xtraet fromOrand Rapidslettueeseed inhibited 
the ^(‘imination of lettuce «(*(‘ds and r(»duc(^d the germination of naked 
sugar-b(‘(‘t se(‘(ls more than tin' sugar-be(‘t sec'd-ball extract with which 
it was compared. Extract from (Jrand Rapids lettuce se('ds had a 
very high total nitrog('n contc'nt, and a ivlativi'ly larg(‘ (|uantity of 
ammonia was hydrolyz('(l from it during gt'rmination. 

Table 19 Some properlu fi of water extrarta Jro7n seeds of lettuce^ celery ^ spinach^ 
oats, barley, and sugar beets as related to toxicity ^ 


Kind of extract 


Os- 

motic 

pres- 

sure 


I 


pH of I 
fresh 
extract! 


pH of 
tion after 
perniinatiun 
of 


Oenniiiutioii of - 


Nake<l sugar- j 
lM‘et si*t‘(is I 
after— ' 


D‘ttuci‘ seeds 
after 


Total 

nitro- 

P(‘n 


Free 

NHa^ 



1 

! 


Sugar- 

lH*e( 

s<*eds 

D‘t- 
t uce 
M'Cd'' 

Water (cheek) 

Atmos- i 
1 the res . 
0 (K) i 


(I HI ' 

4 .51 

Lettuce (New York 
No 12) 1 

i 

! 1 20 ; 

5 .59 

' 27 j 

.5 ;h 

Lettuce (Orand Rap- ' 
ids) 1 

i 1 

t 

119 1 

1 H IH . 

H 39 

Celer.\ j 

4 (K) ' 

.5 97 ; 

1 H .17 1 

8 .57 

Spinii(*h 1 

! 1 4ri ' 

I. 2r. i 

1 H 42 1 

H .52 

Oats i 

I 

4.5 ‘ 

' 7 70 1 

7 (»,5 

Barle.v 1 


.5 UH 

' 7 <M 1 

7 90 

.Sugar beet (C S 

J2 D) 

4 2S 1 

.5 (}S 

H 4:{ i 

7 t>.5 


(8 1 
hours 1 

9() i 
hours 

48 

hours 

90 

bouts 

! 

1 

j 


1 


1 

Milfi- 

MlUh 

Percent i 

Percent, 

Ptreent, 

Ptreent 

[ f/ranis 

1 grams 

9t> 1 

98 ' 

97 ' 

99 


1 

HH ! 

1 

88 , 

8.5 j 

88 

1) 087 j 

j 0 (X)0 

28 , 

44 1 

0 

0 1 

1 028 ! 

. 330 

m . 

U8 J 

0 

1 

201 j 

.012 

82 ' 

82 ' 

91) 

93 

122 I 

.Oil 

88 ! 

91 I 

.51 

87 

2.54 1 

m 

88 ' 

sn ; 

•SO 

92 

10:3 ' 

1 

(KK* 

.ih ' 

.51) i 

(1 

0 

884 ! 

2,50 


« P'xtracts liom dr> seeds prepared as previously deserilH'd for sugar-beet see(M)all extracts. 
2 Measured lus niillmrams per milliliter of fresh solution 
‘ Measured as nitrogen per inilliliter of solution after germination 


SOME PH()I’B:RT1ES of pkessed juice from fleshy fruits of tomatoes, 

CUCUMBERS, AND MELONS 

T(‘sts w(‘r(* run to (lct(‘rniinc the ivlationshi]) l)(‘tw(*(‘n the projx'rtif's 
of drv-s(*c‘d (‘xtracts and the juice from fh'shy fruits. Juice was 
pr(‘ss(‘(l from tin* rip(*n(‘d fruits of tomatoes, cantaloups, wat(‘rmelons, 
and large green (uicumlx'rs. The juict's w('re tln'ii filtered and 
st(‘riliz(‘d by lu'ating. S(‘V(‘ral kinds of st't'ds, whose toh'rance to 
osmotic pressurt' had iireviously bi'i'ii (h'termined, W(‘re plac(‘d on 
cotton substrata moisteiu'd with the pr(*ssed juict'. Sonn* of the 
])rop('rties of the prepared juict's and their elleets on the gt'rmination 
of sevt'ral kinds of st't'ds an* shown in table 20. It is evident that all 
of the seeds used in tin* test wt're rt'tarded in germination, and further- 
more that osmotic prt'ssure appeaivd to be the major factor respon- 
sible. This is in contrast to the rt'lative importance of the two 
major factors rt'sponsible for tin' toxicity of ('xtracts from sugar-b('('t 
seed balls and other dry fruits. 
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Nitrogen analyses were made of fresii juices of fleshy fruits and of 
the same juices aft(T they liad been recovered from substrata on 
wdiich s(‘eds had lieen germinated. Similar d (‘terminations w-^eTcj 
mad(^ aft('r incubation with an extract prepared from germinating 
sugar-b(‘(‘t seeds. Th(‘ average total ammonium nitrogen on five 
lots of tomato juice imnu'diatcdy after adding 15 ml. of an extract 
from germinating sugar-beet se(‘ds to 50 ml. of tornat^ juic(i was 
0.100 mg. per millilit(‘r. After 3 days’ incubation this increased to 
0.120 mg. and after 6 days’ incubation to 0.130 mg. p(‘r milliliter. 
Th(‘ average pH value on these sample's aft('r 6 days’ incubation 
was 4.42. Evidently the buftering (*apacity (table 20) was sufficiently 
high to neutralize the free ammonia and r(‘nd(‘r it comparatively 
iru'ffective as a toxic agent. 


Table 20. — Some properties of pressed juice from the fleshy fruits of tomatoeSy cucum- 
hers^ and melons^ and a comparison of their 'influence on the germination of seeds 
with that of salt or sugar solutions of similar osmotic pressure 


Juioe or solution used 
to moisten cotton 
substratuin 


W’ater (chock) . 
1'oinato juice 
Sugar solution < . 
('’ucumbef juice... 

Salt solution 3 

Cantaloup juice... 
Salt solution .. 
Watermelon juice 
Sugar solution » _ 


Oerniiriation of— 


()i»- 

Naked sug- 
ar-beet, 
seeds af- 

luir 

Leltucx' 

Tomato 

(''ucuiiibcr 

inot ic 
pres- 

steeds af- 
ter 

seeds af- 
ter 

^eeds af- 
ter 

sure 










50 

72 

50 

' 

72 

50 

72 

50 

72 


hours 

hours 

hours 

hours 

hours 

hours 

hour's hoiirv 

__ _____ 

Atvtos- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Pir- 

pheres 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

ctnt 

90 

90 

94 

99 

18 

7H 

94 

94 

' H7ii 

43 

54 

0 

0 

0 

0 

22 


H 40 

07 

77 

0 

0 

0 

0 

28 

70 

6 77 

72 

80 

0 

10 

2 

2 

91 

92 

6. 78 

09 

78 

10 

11 

0 

0 

92 

90 

15. 33 

16 

32 

0 

0 

1 

1 

0 

0 

15. 55 

21 

34 

0 

0 

0 

0 

0 

0 

121.73 

28 

32 

0 

0 

0 

0 

0 

0 

12. 55 

40 

02 

0 

0 

0 

1 

0 

0 

0 


I 

i 


pH of 
fresh 
juice 


Total 
nitro- 
gen I 


Sodi- 
um 
hy- 
drox- 
ide - 


1 20 


‘ i ‘ 

Milh- \ Mtllf 


iiraniH 
I l)4S 


hfcru 
0 1 
20 0 


f) 77 ! 377 ' I I 

ft’oi 1 112 j * 7 0 

5 41 .4K1 I 3 7 


> Measured as milligrams per milliliter of fresh solution 

2 Milliliters of 0.035 normal NaOIl required to raise 10 milliliters of pressed juice to pi J 9; indicates relativ e 
hulTering capacity of the pressed mice. 

2 Data taken from earlier experiment on the clTect of osmotic pressure; therefore direct comparison is not 
jKissIhle, but general tiond is very obvious. 


DISCUSSION 

In the rather ext(*nsiv(‘ investigations that numerous workers have 
made on the factors affecting the germination of setnls in fh'shy fruits, 
th<^ only fiK'Ior that has r(H*(‘iv(‘d common rc'cognition is osmotic* 
pressure. At various tiriK's sueli indefinite terms as unnamed “spc'- 
eific inliibitors” and '^metabolie byproducts of germination” have been 
])ostulate(l as sole or contributory factors adverst'ly aff(^(*.ting germi- 
nation. 

In tb(‘ pri^scnt paper the effects of osmotic pressure and other factors 
affecting seed germination in the presence of water e'xtraets have been 
evaluated. Although osmotic pressure may bo the major factor 
causing inhibition of germination by fruit juicers, evidence is here 
pre^sented that, in the case' of w’ater e'xtrae'ts from the seed e'nvelopes 
of dry fruits, free ammonia released from nitrogenous compounds in 
the' course of seed germination is a more significant factor. 
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A siiirunary of tlio relative importance of tlu‘ principal factors on 
which the toxicity of sugar-b(*(»t se(Hl-ball extra(*ts was found to be 
d(‘p(‘n(lent is ^rapliically pr(‘sented in figure 0. The data, which were 
tak(‘n from t«bl(‘ 5, shtiw that fr<'(‘ lunmonia, pH value, and toxicity 
are correlabvl in all cases (»xc(»pt on(‘, that of the U. S. 12 C lot grown 
on (‘xtremely saliiu' soil. The very high osmotic pressure in this case 
was j)robablv a more important, factor than the free ammonia. This 
cas(» also indi(*at(‘s the magnitude of difierence in osmotic pressure 
n(*c(»ssary to depress germination. There was an (*xt.r(»m(' differ(ui(‘,e 


N AS NH3 (MILLIGRAMS) 



0.= OSMOTIC PRESSURE 
(ATM) 

Figure e.- lt(‘latioii of froi* Ruimonia, hydroKon-ioii concentration, and OKinotic 
pressure to the toxicity of siigar-tieet seed-hall extracts and a solution of urea. 
Lines drawn from the points on the axes serve to aid interpretation of correlation 
between factors. 'Fhe circles indicate boundaries of the fiKure. 

betw(‘en tin' osmotic pressure of seed from U, S. 12-D and that of 
s(mhI from V. S. 12 -C. The lack of direct relationship belwe(*n toxicity 
and osmotic pressure' is indicated by the crossing of the line's in the 
diagram betwe'e'ii the percentage' germination and osmotic* pressure 
axe's. 

Sufficient ammonia was rede'ase'd by germinating seeds from water 
c'xtracts of sugar-beet soe'd balls and certain other dry fruits to account 
adecpiate'ly for the' toxic e'fl'ects that have been obse'rvcKl when see'els 
are germinated in the presence of thc'se extracts. The ammonia 
was hydrolyzed from the* water-soluble nitrogen compounds of seenl 
extracts by both germinating see'ds and solutions pre'pare'd from ger- 
minating sec'ds. The ammonia released not only ne'utralized organic 
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acids produced during germination but also caused a sharp rise in 
the pH of the substratum, in the case of sugar-beet and certain 
lettuce-seed extracts, 0.3 to 0.4 nig. of nitrogen as ammonia per 
milliliter of solution was rehnised. Synthetic solutions containing a 
similar amount of ammonia were shown to be toxic to germinating 
seeds. Even smaller amounts of ammonia were toxic when the 
ammonia solution was allowed to flow^ continuously through the sub- 
stratum so that the concentration was not nuluceJ by neutralization. 

The toxicity of seed extracts and synthetic organic nitrogen solu- 
tions was gov('rned not only by the amount of hydrolyzabh^ nitrogem 
pn'sent but also by the rapidity of hydrolysis. Thus asparagin, which 
was more slow4y hydrolyzed than urea, w^as less toxic than urea during 
tlu^ (*arly stag(\s of giumination. Since the hydrolytic agent was 
j)rese]]t in th(' imnu'diate vicinity of the seed, the concentration of 
ammonia was greatest near the seed and the concentration increased 
as germination progresscnl. The greater toh'rance of radish and 
cucumb(T seeds to ammonia solutions was shown to be due more to tin' 
production of organic acids than to an actual toleran(‘('- to larg(‘r 
amounts of free ammonia. That frec^ ammonia was the toxic ag(Mit 
rather than ammonium salts was shown by the relatively slight inhibi- 
tion produced hy fairly high concentrations of ammonium sulfate*. A 
solution of ammonium sulfate containing 3.5 mg. of nitrogen per milli- 
lite*T renluce'd germination le'ss than eliel a solution of ammonium 
hyelroxidc containing 0.3 mg. of nitroge'u j)e‘r milliliter. Still lower 
concentrations of ammemiiun hydroxiele* were eflective when the* e*e)n- 
centration was maintained by a contiruious change e)f s()lutie>n (fig. 
4, B). 

The ])re*sent stuelie's showenl that ammonia was toxic not e)nly te> 
germinating sugar-be(*t se‘eds but also to se‘e*ellings anel plants that 
wore 2 memths old. This is in line with the cemclusie)!! e)f Willis anel 
Rankin ^7), who re'pe)rt(*d that anune)nia re*leaseel from ce>neM*n- 
trate*d e)rganic nitrogene)us fertilize*!’ applie'el te) the* soil was te)xic te) 
cotton sec'dlings. The cemclusion of Willis anel Rankin was challenge'd 
by Ti(*eljens anel Robbins {^4)j ^'ho claime*el that plants grew' as w'e*ll 
w hen ammonium hydroxiele w as used as the* sole source* of nitrogen as 
when some* e)ther form such as ammonium sulfate* or calcium nitrate* 
was usenl. Howe*ver, the pH of the nutrient sedutions of Tie'djens anel 
Robbins was evieleuitly ve*ry unstable. Starting with an initial pH 
as high as 9.0 in a continuous-flow e^xpe'rirnent, the highe*st pH value* 
r(*corde*d on the solution after passing through the sand culture* w'as 
3.8. It is evident that very little free amme)nia w^as maintaiiuiel in 
contact wdth the plants. 

Fife and Frampton (5) reporte*-d that wd)e*n sugar-bee*t plants w ere 
subjected to high concentrat ioris of carbon dioxide* there* was a distinct 
rise in the pH of the juice e^xtracte^d fre)m the* leaf blade*s owing to the*, 
liberation of ammonia from amide>s and othe*r seduble*, nitrogenous ce)m- 
pounds. They furthe*r demonstrated that the amount of ammonia 
jTleased was dependent on the original nitroge*n conte*nt of the leave*s. 

The toxicity of seed extracts varie‘el between specie's ane] varietie's 
anel between difierent seed lots of the same variety. This variation 
was infiuenceel by several factors such as the amount of nitrogen 
present in the extracts, the rapidity with wdiich it could be hydrolyzeel 
to ammonia, and the buffering capacity of the seed extract. This 
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lattcT factor was foiiiul to be of special importance in the case of 
fh'shy-fruit juic(‘s and will Ix' discussed more fully lat(‘r. 

Amon^ the factors that iniluence nitrop:en content of seed are nitro- 
gen nutrition and giundic constitution. Pucher, Curtis, and Vickc'ry 
{17} have shown that hetanin, tl){‘ red pigment of the bei^t, contains 
approximately 0 percent of nitrogiui. Kt^ller (8) has shown that color 
diflenMiC(‘S in beets an* due to dilferencc's in genetic constitution, 
although environmental factors may also |)lay a part in det(*rmining 
how tlu* g(*n(*tic factors are expressed. ()n(* of the very apparent 
chara(;t(*ristics of sugar-b(*(*( variety (iS was its comparatively high red 
pigmentation of seed ])(‘ricarp, w hich may be the source of some of the 
nitrogenous com])ounds that are wafer solubh* and from which 
ammonia is hydrolyz(*d during secnl germination. 

The r(‘lation of (‘olor to nitrogen content may lx*, more important 
in the ease* of h'ttuce varieties. Of the varieti(*s studied, seed of the 
(jrand Rapids vari(‘ty was conspicuous by its black color and high 
nitrog(‘n (*ont(*nt. Data n^jxirted m this paper indicate that at l(*ast 
l.wice as miicJi fr(*(‘ ainmonia w^as rel(*ased from the water (*xtra(*t of 
lettuce seed of the (irand Rapids variety as was necessary greatly to 
r(*tard or inhibit the germination of lettuce seed in Petri dislies. 
Knowd(*dge of the fact that relatively large amounts of free ammonia 
an* I’eleased from some l(*ttiice-S(*e(l extracts offers an explanation 
for the ph(*nom(*na r(‘ported by Shuck (‘£0, 21). Shuck found that 
wh(‘n lots of seed of some varieties of lettuce are successively ger- 
minat(*d on the same substratum byproducts of germination accumulate 
which have an inhibitory action on g(*rmination. Jle stat(‘d that 
when th(*se sul)stances have* accumulat(*d to a point at wiii(*h no more 
s(*edswdllg(‘rminate the substratum can then be w’ashed and S(*eds will 
again g(*rminate normally. It is evident that during tlu* g(*rmination 
of successive lots of S(*ed on a moist substiatum soluble nitrog(*n 
compounds w^ould accumulate* so that ev(*ntuaJly then* would be a 
condition similar to one where the cotton was moistt*ned with seed 
extract. 

Thompson {22) n*ported tbatsome varieties of lettuce* an* hard to 
germinate but that others are germinate*el readily. He stated that 
se(*el of the* (Jrand Rapids variety is ge*ne*rally hanl te) ge*rmmate and 
gave elata te) show" that this difficulty ce)ulel be lai*ge*ly overcome* by 
both soaking anel drying the se'.ed at low" temp(*rature. It is eviele‘nt 
that the r(*moval e)f w"atcr-soluble nitrogen eluring the* soaking proe*e*ss 
would minimize any damage that otherwise might re*sult from tlui 
release e)f ammonia by the germimiting se'ed. Thompson alse) pre*- 
sented data to show that certain conditions of light and tempe'rature 
follow"ing the* soaking or w"ashing treatment furthe*r iiicrease*d geu inina- 
tion. The* e*fre*ct of light and te*mperature may be^ eutire*ly eliflVre*nt 
fj-om the* efiect of w"asliing and may have no counee*tion with pre*ve*n- 
tion e)f damage from fre*e' ammemia. Later, Thompson anel Kosar {23) 
reporteel several sidfur compounds such as thiourea, thiose*micarbaziele, 
etc., as stimulating the germination of dormant lettuce se*e‘d. The 
com{)ai‘able compounds containing oxygen in place of sulfur or he*xa- 
vak'iit sulfur such as sulfate were either ineffe'ctive or toxic to germina- 
tion. The nature of the chemicals that stimulated germination, all 
of w"hie*Ii contained divalent sulfur, suggests the possibility that they 
may have influenced the amount of free ammonia present by eitluu* 
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retarding enzymatic liydrolysis or by chemical combination. Tests 
conducted by the authors have shown that sugar-beet seed balls 
previously soaked in a solution of thiourea germinate more uniformly 
and show less injury after long periods of cold storage, such as arc 
used in vernalization tests, than with any other treatment thus far 
tried. In t('sts with sugar-beet seed-ball extracts, where the principal 
inhibiting factors are known to be hydrolyzed free ammonia and 
osrrotic pn^ssuns the addition of thiourea, although it increased the 
osmotic pressuie, reduced the toxic effect, as shown by increased 
germination p(‘rcentage and improved appearanc(' of the sprouts of 
th(» test seeds. 

Much of tJie inhibitory effect of tomato, cucuml>er, and melon 
juice on the germination of sugar-bei't, tomato, lettuce, and cucumber 
seed can be accounted for by the osmotic pn'ssure of the juic(\ 
Lavialle {10) and J.<itvinov {12) stated that the ('ssential cause of the 
inhibitory action of all fruit juices is osmotic pressure. Wl)en stunls 
were germinated on a substratum moistenc'd with tomato juice, the 
low initial pH of the jui(^e and its high buff(‘ring capacity prev(U)ted 
th(' release of free ammonia. Some nitrogenous compounds in tin* 
tomato juice were hydrolyzed during germination tests, but the high 
acidity of the tomato juice held the ammonia in a combirurl form and 
prevented it from Ix'ing a major factor in germination inhibition. 
Litvinov stated that the active acidity of the' tomato juice' was not 
rejsponsible for any inhibiting action, but that on the' contrary an 
increase in inhibition occunvd wlu'u the' pH of the juice was raise'el 
to 6.5. It is easy to se'c that a rise in the initial pH of the tomate) 
juice might make the* rele'ase of ammonia a me)re important factor. 
In fact, tests conducteel by the authors showed that tomato juie'e* 
increased in toxicity as the pH was raiseel and that sugar-bee't se'eel- 
ball e'xtracts decreased in toxicity when they were* buffereel at a low pH . 

Ammonium hydroxide solutions see'ine'el te) have* se)nu' e'ffect on 
germination other than that accounted fe)i* by a rise* in pH, e'ven though 
the rise in pH of the substratum on which se'e'el hael ge'iminate'd ce)r- 
responde'd rathe'r closely with the c'xte'ut of injury. It was shown that 
ammonium sulfate at a low pH was not. very toxic, anel also that seeds 
we're able to initiate ge*rmination and subse(|iu'ntly neutralize* sodium 
hydroxide or sodium carbonate solutions having an initial pH betwe'e'n 
11 and 12. By insing a continuous flow of fre'sh solution through the 
substratum on which seeds were placed and protecting the* solutions 
from any neutralizing influe'iices of gase's such as cai-bon elioxide*, it was 
possible to determine the effect of a maintaine'd })H. llu* data showed 
that ammonium hydroxide at pH 9.3 to 9.7 weis n)ore toxic to ge'rmina- 
tion and growth than either potassium phosphate or sodium car- 
bonate at a pH of more than 11. Ammonia solutions at a pH 
slightly above 10 completely inhibited germination. The data also 
showed that at pH values above 9 the amount of ammonium ion 
available for release as free ammonia may also be a critical factor in 
the germination of seeds. 

SUMMARY 

Studies are reported relating to the properties of dry- and flc'shy- 
fruit extracts that are responsible for toxic and inhibitory eff('cts on 
germinating seed. 
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In the case of sugar-beet seed-ball extracts, iho toxic effect on 
germinating seed was sliown to b(‘- largely dm* to the toxic aciion of 
ammonia, which was rt'leaseil from tin* nitrogenous compounds of the 
extracts by enzymatic hydrolysis. 

The presence of from O.II to 0.4 mg. of free ammonia per milliliter of 
solution was toxic to germinating seeds, young seedlings, and 2-month- 
old sugar-b(*et plants. 

Sufiici(*nt ammonia was r(*l(‘ased not only from sugar-beet seed-ball 
extracts but also from certain oUht dry-fruit extra(*ts and solutions 
of urea and asparagin to account for their toxic (*ffect on germinating 
seeds. 

Although the* ammonia r(*l(*ased from sugar-b(*et s(‘ed balls and sorm* 
lettuce-seed extracts was sufficient to cause* a rise of 4 units in the pH 
of the solutions, the* increase* in pH did not (*.ompletely e*xplain the* 
toxic action of the re*le*aseHl ammonia. This was shown by the fact 
that ammonium hydroxide* solutions at pH 9 to 9.5 W(*re' more toxic 
to germinating se*e*els than either monopotassium phosphate or sodium 
carl)onate* solution at ])H 11 to 11.5. 

The tole*rance e)f various s(M*ds to ammonia solutioiis and osmotic 
pre‘ssure is reported. There* was a inarkeHl differential tole*rance of the 
seeds t(*sted to osmeitic pre'ssure, but all se*eels were*, sensitive te) am- 
monia solutieins containing 0.1 mg. of nitroge*!! per milliliter whe*n the 
ammonia concentratiein was maintained. 

In contrast to the* major role playe*d by ammonia in the toxic 
action of dry -fruit e'xtracls, e>sme)tic pr(*ssure* se*e*me‘d larg(*ly te) account 
feir the inhiliition to germination of see*els in (*e)ntact with juice*s fre>m 
fleshy fruits. This eliffere*nce is e*xplaineel e)n the* basis e)f the* high 
aciel-biiflVring capacity e)f fruit juice*s, which pre*ve*nted the* accumula- 
tion of anmiemia in the* fre*e state. Ceimbineel ammonia in the form of 
salts was shown to be comparative'ly nontoxic. 

The* re*me)val e)f water-soluble nitre)ge*n fractions from the* pe*ricai*pal 
tissue afforels an e.xplanatiem of the* be*n(*ficial e'fferts of washing or 
seiaking semie see*ds prieir to ge*rininatie)n tests. 
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EFFECT OF CERTAIN ENVIRONMENTAL CONDITIONS 
ON THE PREVALENCE OF OPHIOBOLUS GRAMINIS IN 
THE SOIL* 

Jiy Httrley Fellows 

Associate pathologist^ Division of Cereal Crops and Diseasesj Bin ran of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 

Investigations of fungi and bacteria in soil have shown that tin* 
type and number are afleeted greatly by environment. Th(‘ effi'Ct 
of environimaital faetoi’s on the prevaliuiei* of soil-borne parasites has 
reeeiv(‘d but littl(‘ attention, in contrast to the extensive studi(‘s of 
th(‘ (mvironnuuital factors affecting th(‘ behavior of parasitic organ- 
isms in pur(‘ (‘ultun^ or in tests of pathogenicity. In the case of 
soil-borne parasites, information on the liehavior in infest(‘d soils 
umha- various conditions is more important than that on the causal 
organisms in pur(‘ culture. 

The experinu'iits r(‘port(‘d hen* were made to (hd ermine whether 
certain (‘iivironmcuital conditions, parti(*ularly ti'inixTatiirc*, moisture, 
and compactness of tin* soil, favored the retention of Opkiobolns 
(iramlnis Sacc., the parasit(‘ that causes tak(‘-all of wheat, in naturally 
infesti'd uncro])p(‘d soils. For comparison, a few (*xp(‘riinents on th(‘ 
toh'rance of this organism to extreme temperaturi's W(‘re conducti^l 
in pure culture. 

EXPERIMENTAL METHODS 

In th<» studi(‘s of Ophioholus gramhik in pure cultun', low tempera- 
tures were obtained by both outdoor exposure and artificial refrig- 
eration. Cultur(‘S of 6, (/ratnlnls wiTc grown on potato-dextrose agar 
in test tubes. (\*rtain of these cultuies were kept in an ordinary 
thermograpli shelter, and others were buried at ])rogr(‘Ssive depths in 
the soil, wiier(‘ they wcvo exjioscMl to d(‘cr(aising ('xtri'ines of tempera- 
lur(‘. The temperatures were measim'd witli maximum and mini- 
mum thermoiiuders and a thermograph. At various intervals during 
the winter transfers were made to lind out whether the fungus was 
viable. 

Th(' th(*rmal diMith point of Ophioholus gramirils growing on potato- 
dextrose agar was d(d(‘rmined by th(‘ standard method employed by 
bacteriologists, with modifications for fungi. 

Ill the tests of infesti'd soils th(' samples witc (‘xposed to various 
tiunpiTatures by outdoor exposure in flats, in the gn^iMihouse in flats 
and metal pans, and in a freezing chamber in flats; or th(\v were' storcal 
in a deep cave in cans. Soil samples described as ‘^moist^’ were 
maintained at approximately 60 percent of tlu' maximum water- 
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holding capacity, while the dry samples were completely air-dried. 
Loosen(‘Ss of the soil was maintained by occasional stirring, and com- 
pactness by thorough tamping while in a moist condition. 

Th(‘ severity of take-all Ic^sions on Kanred wheat grown in the 
greonhous(' was used as an indication of the presence and extent of 
infestation in a given samph' of soil. The method has been described 
previously.^ 


EXPERIMENTAL RESULTS 

EFFECT OF EXTREME TEMPERATURES ON OPHIOBOLUS GRAMINIS IN PURE CULTURE 

Davis showed that Ophioholus graminis grows best at about 23*^ to 
24° C. At 4° growth was exceedingly slight, while at 36° it was 
ch(‘cked (‘utirely. The fact that the fungus grows only sliglitly at 
4° C. (39.2° F.) suggested tlu‘ experiments to determine whether the 
winter cold in Kansas might not only check its growth but possibly 
kill it. Thes(‘ experiments were conducted during the winter of 
1925-*26 and 1926 27. 

All the cultur(‘S were viable at the end of both winters. The wi'ekly 
maximum and minimum temperatures in the instrument house, given 
in table 1, show that the organisms survived temperatures as low 
as —2° F. Cultun^s of the fungus also W(‘re subjected to repi‘at(‘d 
alternations of temperature ranging from 70° to as low^ as —20°. 
None of the exposures, showm in table 2» affected the viability of 
the fungus. 

D(‘t(‘rminations of the thermal death point of Ophioholus grnmiuis 
showed that both the microhyphae and th(‘ macrohyphae W(‘re 
killed when exposed for 10 minutes at 122° F. (50° C.). The fungus 
remained viable after exposun' for 10, 20, and 30 niinut(^s to a tem- 
perature of 113° F. (45° C.). C^iltures exposed 30 minutes recoviu'ed 
more slowly than those exposed for sliorUu* jieriods. 


Table Weekly rninimum and rnaxhnuw outdoor temperatures during wtntrr 
months of JOiHO and 19£7 when cultures of Ophioholus grafnims were stored out- 
doors at .\fanhatta7ij Kans. 
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* Fellows, Huiiliy, and Fipke, C. H. son, infestation by opiiioboluh oraminis and its spread. 
Jour. Agr, Res. .58: .505-519, illus. 1930. 

3 Davis, Ray .1 studies on ophioboi us graminw sacc, and the take- all di.sk ase of wheat Jour. 

Agr. Rfjs. 31 801-82.5, illus. 102.5. 
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Table 2. — Time and temperature of exposure in a freezing chamber of pure cultures 

of Ophioholus gram mis 


IVriod of frco/itifr 

j 'remiHTature 

T’eriod of freezmjj; 

'I emperature 

Dato 

Dura- 

tion 

Miiu- 

niuni 

Maxi- 
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tm 

Huu M 

'■ J' 

" F 

^ F 

wr 
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0 fr 
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'-13 0 
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9 5 
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29 0 
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HI 0 

^-11 2 

.JO 2 

9 0 
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20 r^ 

; It) t) 

21 2 

-I 3 

Jan 18 22 

3H 0 

*>-7 0 
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7 8 
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2 0 

1-10 0 1 

-4 0 

-11 3 

Jan 31 

9 0 

'-/) H 

22 1 

4.1 
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I r. 

1-13 9 ' 
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Feb 10-11 

I 10 .I 

J-.n K , 

20 0) 

- 4 

Dee 1() 17 

2:) 0 

1-12 1 1 

21 2 

-0 1 

Feb 14-1/) 

1 1 T) 

^-7.0 1 

- 4 

-2 9 

Dee 20 21 

9 T) 

1-9 4 1 

10 1 

-1 H 

Feb 17 ' 

S .') 

*'-2.2 

23 0 i 

0. 3 
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i 



F(‘b 19 j 

7 0 


24 K 

0 3 


‘ Tulliires w(>n“ tu*l<l at a ternixTature of approxiniateh 70" K dunne llio int(*r\als taOween free/inj: 
f 'oil tires kept below fn'e/inc w'hile the freezmc ehunilHT was not oiteratinij 


EFFECT OF EXTREME TEMPERATURES AND DROUGHT ON OPHIOHOLUS (IRAMINIS 

IN SOIL 

Nuineroiis pxporim(‘nts wctc conducU'd in sev(‘ral years to detormiiio 
whether siminuH* heat and drought would reduce the quantity of 
OphioboluH grarninis in infested soil in the field. These experiments 
were made by comparing the relative abundanec^ of the fungus in the 
u})per soil layers with that in the deeper layers, which had been 
subjeett'd to less heat and drought. 

The severity t(‘sts with Kanred wheat showed that the fungus was 
reduced somewhat during the summer in the upper 2-inch stratum, 
but the difference in the abundance of tlu^ organism betweem this 
stratum and lower d(‘pths dowui to 10 inches w^as too small to b(» of 
practical importance. All the soil strata studied retained sufficient 
inf(*station to produce sev(‘rely diseased wdieat plants. 

Infested soils w^ere exposed to more severe conditions in the green- 
house. In 1929, 1931, and 1932, soil from infested spots in the field 
w^as taken to the grefudiouse in the spring, spread in 1-inch layers in 
shallow pans, and expostul unshaded and without watching until the 
latter part of ()ctob(*r. In 1932 the tf'sts were duplicatcfl with soil 
samples placed in an elevated position outdoors, when' they were 
protected from tin* rain but exposed to the sun during the summer. 
C\)ntrol samples were stored in a cool cave. Tlu' soils were tested for 
infestation during the w inter following the exposure. The results are 
givf'ii in table 3, and temperatures of the soil samples exposed outdoors 
in 1932 are shown in figure 1. The temperatures of the soil samples 
stored in the gref'nhouse are not givin, but they w^ere much low"(‘r 
than those of th(‘ samples exposed outdoors. 

All the soil samples exposed to lu'at and drought rc'tained enough 
infestation to produce st'verely diseased plants, but in three of the 
four tests the infestation was reduced to some extent. The experi- 
mtuit performed in 1931 shownd that soil kt'pt in the greenhouse had 
more infestation than the control. ITow^ever, in this experiment the 
severity rating was high, and when plants are very severely diseased 
it is difficult to make fine distinctions. Consequently, the appan'iit 
difference may not ho very significant 
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Table 3.- Seventy of take-all on wheat plants grown in the greenhouse in infested 
soil that had been dried in the greenhouse or outdoors^ Manhattan, Kans., 


'<(>11 tmitinont 
and year 
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' Simple avemp(‘s 

•' Soil collected from tli(' same spot l»ut not exposed to heat and dioneht 

liifostod soil (‘X])os('(l iiltornatoly to growing aiul frotv.in^ ItMiifX'ra- 
liircs iin(l(*r (‘onditioiis id(*iiti(*al with those of the organism in pun^ 
eulture showt'd no |•(‘dll(*tion of \ho disease on whtait plants subst^- 
(juently grown in the soil. Thus, alt(M*nate fretvdng and thawing did 
not injure the organism in (‘itlua* soil or pure eulturi‘. Th(‘ tempera- 
tun* reeords are show n in tahh* 2. 

In an exp(*riment in wdiieh Ophlobolus grain in Is was grown in pure 
eulture it had a th(*rmal deatli point of 122° F. (50° (\) when exposed 
for 10 minutes. In anotli(*r experiment in soil it was not killed at 
temperatures that rangial from 140° to J00° F. for mon* than an 
hour on each of several days. The fact that the maerohyphae on 
infected plants an* mueh eoarsi*!* and their wadis thiek(*r than in pure 
eulture may explain this difference 

EFFECT OF TEMPERATURE, MOISTURE C’ONTENT, AND COMPACTNESS OF SOIL ON 
VIABILITY OF OPHIOBOLUS (IRAMINIS 

Th(>i effect of exposure conditions on Ophlobolus gramlnis (*ither in 
the absence or in the presence of the host should be reflecd(*d lat(*r on 
wheat plants grown in tin* soil. 

The three environm(*ntal faetor-s most likely to affect soil flora in 
the field are moisture, temp(*j-at.ure, and compactness or tilth. Accord- 
ingly soil from infested spots in the field was (*xpos(*d for various 
h*ngths of time to eight (*ombinations of these three factor® These 
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combinations were: (1) moist, cool, compact; (2) dry, cool, compact; 
(3) moist, cool, loose; (4) dry, cool, loose- (5) moist, warm, compact; 
(0) diy, warm, comj)acl; (7) moist, warm, loose; and (8) dry, warm, 
loose. 

The two temperature conditions wore obtained by storing one S(‘t 
of soil samples in a deep cave and the other in the greenhouse. The' 
temperature in the cave' averaged 37.5° F. and was always above' 
freezing eluring subze're) weather, and in the siimme'r it averageel 
71.5°, never going above 72°. The greenhouse temperature was fairly 
uniform eluring the winter, with an average e)f 70.2°, and was variable', 
during the summer but averagenl 83.0°. The avei*age' maximum daily 
temperature in June was 97.1°, in July 110.7°. and in August 102.5°. 
The dry compae*! samples were* so thoroughly pudelled and hare! at 
the e'liel of the storage perioel that a hamme*r was require*d to pulverize* 



" ^ 'V— ' ■v 

, COMPACT LOOSE , , COMPACT LOOSE 

'V' -v “ .... 

COOL WARM 


Figure 2. —Aveirage seventy ratings of take-all on wheat plants grown in 
greenhouse in ihfested soil stored previously under diffen'iit conditions of 
moisture, temperature, and conij)actneKs, at Manhattan, Kans., 1930 “3(1. 
(Data in table 4.) 


them. The^ dry sample's we^re air-elrieHl. Wate'r was applied to tlu* 
moist samplers from time to time. At the euiel of the storage pe'rieul 
all of the soil samples were bj;ought to favorable tilth and moisture*, 
and wheat was grown in themi in the gre'e'iihouse. 

This experiment was conelue'teel four time's during the period from 
1930 to 1936. For a given experiment all the soil was taken from the* 
same infeste'd spot in the fie*ld and was we'll mixe'd. Tests fe)r infesta- 
tion in the fimt experiment were* on plants grown in soil storeel for 
230 elays; in the second e'xpe^rimemt-, 338 days; in the thirel, 777 days; 
and in the fourth, 608 elays. 

The data on the seve'riiy of take'-al) on the wheat plants grown in 
the greenhouse in the^ various soil samj)le^s are given in table 4, anel 
thei ave'rage severity ratings are shown graphically in figure 2. The* 
data in table 4 are summarized in table 5 to show the effe^cts of the* 
environmental fact()rs considered separately anel in combinations of 
two. The relative importance of the factors is indicate'd by averages 
and totals from the combinations into wdiich tht'y entere^d. The* 
seve'rity ratings shown in table 5 are pre'sented graphie'ally in figure 3. 
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COOL WARM COMPACT LOOSE 


Fkhjhe 3. -Diseaso-scvcrilv ratings showing tlic relative eflfect of single atid 
double onvironiiiental factors on t.he retention of Ophioboltts graminiH in stored 
infested soil. 'ITie halehed columns represicnt weighted averages for each 
.single factor. (Data in table 5.) 

ruder the eoudi lions of tin* experiments the storaj'e teinperatuni 
had mon' effect on tlu' viability of OjMobolus graminis in infested 
soil than had any other factor, f’ool temperature favored the funjius 
regardless of the other factors. Warm soil combined with other 
factors in any manner retained less infestation than any similar com- 
bination with a cool soil. 



Table 4. — Severity of take-all on wheat plants grown in the greenhouse in infested soil previously stored under different conditions of moisture, 

temperature, and compactness, Manhattan, Kans., 1930-36 

[The length of storage in the various experiments was as follows. No. 1, 230 days, No 2, 338 days, No. 3, 777 days, and No. 4, 608 days] 
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Table 5 . — Summary of data from table 4 to show the weighted average influence of single environmental factors and of two environmental factors 

on the prevalence of Ophiobolus graminis in infested soil 
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Both moisture and compaetm^ss modified the effect of tornperaturi' 
on the prevalence of Ophioholm graminis in infested soil. When the 
infested soil was (‘,ool and loose, moisture appeared to be of little 
importance, because the plants grown in the cool loose soil that had 
])een stored in eitln^ a dry or a moist condition had equal dis(^as(^ 
ratings. A compact warm soil retained more of the fungus in a viable 
state than a loose' one. The addition of moisture to warm soil, 
either loose or compact, teiideel to rid the soil of infe'.station. How- 
ever, the^ effect of moisture was gre'ater when the soil was loose. 

The individual expe'rime'nts are all in agre'cment in indicating that 
temperature is the most important faedor influencing the re'tention 
of the^ parasite' in the soil. Some of the‘> results of experiment 1, 
howewer, are at vaiiance with those of othei’ cxperime'iits with regard 
to moisture anel compaedne'ss. This is due perhaps to the fact that 
the soil in experime'iit 1 was store'el for a much shorter period than in 
the otlu'r e'xperirne'nts. 

Infestation did not incre'ase under any condit on of storage. In 
(‘xperirnemts 2, 8, and 4 aelditional soil was taken to the’! gre'enhouse at 
the' time' the soil was ce)llected, and whemt was sown at once in orde'r 
te) e'ompare the elisease' produced initially with that after the se)ils 
hael been stored. Since the highe'st retention of infestation was shown 
to have occiirre'd in the soils store'd in a cool condition, this group is 
use'd for enniparison with the initial infe'station in table 0. It is 
('vielent that even cool uncroppe'd soil lost some infestation, as might 
be' expected, siiien' Sewe'll and Melclu'rs ^ have shown that rotation 
e)f crops is an aiel in ce)ntrolling the take-all disease. 

T\ble 0.' Companion of the presmcc of Ophiobolus graminis in portions of the 
same 'infested soil sample^ one portion fresh and the other stored 
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DISCUSSION 

The soil is a commem medium for many micro-organisms. The 
interactions e)f these' organisms may be mutually deleterious, helpful, 
or neutral. C^onse'quently the rc'sults obtained in stuelie's of the^ effeed 
of soil environment on a single organism are difficult to intei*pret 
because of the like'lihood of indirect effects of other organisms. Thus 
the results with Ophiobolvs graminis just eh'seTibed might have been 
different if the infestt'd soil had contained a somewhat different 
inicroflora. 

* Skwkll, M. r., and Melciikiih, L. K. the effect of rotation and till on koot*kot of wheat 
IN KANHAS, J92()-1924. Amer. Soc Anroii. Jour. !« 76H-771, illus. 1924. 
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Aside from the effect of a varying microflora, the effect on the 
parasite of fluctuations of temperature and moisture within a single 
year or season should not be* great when the infested soil is cropped 
to a susceptible plant, because an abundance of the host during the 
growing season provides an opportunity for growth of the fungus 
to offset the effects of adverae weather conditions. However, theri^ 
might be a gradual reduction of the organism during a cycle of dry, 
hot years, or an accelerated accumulation during a cool, moist cycle. 

It would seem that adveree weather conditions should have the' 
maximum effect on the fungus in infi'sted soil planted to a nonsus- 
ccptible crop. Under tliese conditions hot weather should reduce* 
infestation, the fungus might not be rehabilitated even though erool 
weather occurred later, and infestation would diminish from year to 
year. 

SUMMARY 

Ophiobolus graminis Sacc., the parasite*, c,ausing take-all of wheat, 
when in pure culture was not killed by the winter temperatures 
occurring m Kansas, nor was it affected by repeated abrupt alternations 
of growing and subfreezing tempisratures. The thermal death point 
of both microhyphae and macrohyphaj* was about 122° F. (50° C.). 

In naturally infested soil the fungus survived temperatures as high 
as 160° F. (71° C.). High temperatures and drought in the summc'r 
rcduc<Hl th(* inf(*station in infested soils only slightly. The abundance 
of the fungus in infested soils was not retluc('d by n^peated alt (*mat ions 
from growing to subfreezing temperatian*s. 

The abundance of the parasite in inf(*st(*d soil was r('duc(*(l iti 
different degrees by different combinations of moist un*, temp(*i‘aturc, 
and compactness of the soil during storage. However, the fungus 
remained viable in either moist or dry infest (*(1 soil storaul in a warm 
greenhouse as long jis 777 days. In gen(*i‘al, cool soil teiidc'd t o n't a in 
the fungus longer' than warm soil. The fungus was reduced most in 
a warm, loos(*, moist, soil, and least in a cool, compact, moist soil. 



CHEMICAL COMPOSITION OF SYMPHORICARPOS RO- 
TUNDIFOLIUS AS INFLUENCED BY SOIL, SITE, AND 
DATE OF COLLECTION ‘ 

By L. A. Stoddart ^ 

Uange ecologist, Utah Agnculiural Kxpen merit Station 
INTRODUCTION 

For a number of years the Utah AgricAiltiiral Experiment Station 
conducted an experiment on the fe(‘ding of miiu'ral supplement to 
range cattle on mountain summer pastures which involved the collec- 
tion of many of th(‘ more' important range plant sp(^cies at regular 
intervals to (h'termimr their chemical composition and thus permit 
the calculation of th(‘ mineral content of th(‘ animal diet. Collections 
of plant material wciv madcs at regular calendar intervals, since it 
was necessary to corrtdate plant composition with animal reaction as 
nieasur(‘d at regular turn* inUnwals by weight and blood composition. 
The importance of stag(‘ of maturity as a factor in chemical composi- 
tion was recogniz('d, but, in such heterogeneous range, developmental 
variations between species and within species made it difficult ev(Mi 
to (hdine th(‘ growth stage existent at the time of plant selection. 

Sampling of vegetation was accomplished by means of a single 
c()ll(‘ction on (*ach collection date. The samplers were composited and 
thus were representative of many areas within the 4()()-acre pasture. 
Th(‘S(‘- anais 'wovv not r(‘gular stations but merely place's wlu'rc' the 
colh^ctor happeiH'd upon the particular spe'cies being collected from 
the heterogeiK'Ous plant cover. Data obtained after several years of 
such sampling W(‘re so variable* as to causes some question as to their 
ae-curaew. Be^causc e)f this e*e)ncern, a sampling expermient was 
de'viseel to study variability in clu'rnical compositie)n attributable to 
the following factors: (J) Date of colleadion, (2) soil type, (3) site or 
habitat, (4) fie'lel sampling technique, and (5) labe)ratory analysis 
te'e*hnieiue. 

LITERATURE REVIEW 

Studies correlating natural variation in cheanical composition with 
habitat factors are rare, but there are many papei's dealing with 
se'asonal tre'uds and with response to feuiilizers. 

Of the» i)apers de^aling with seasonal trend, a re'e*ent report on Cali- 
fornia foothill range', plants is typical. Goreloii anel Sampson (6*)^ 
showed for herbaceous plants as the season progressed an orderly 
dee*line in crude* protein, silica-free ash, calcium, plie:)sphorous, ami 
potassium. Crude fiber increased regularly. Deciduous shrubs as the 
s(»ason i)re)gresseel showA'el a declines in protein, potassium, and phos- 

• Received for publication Decoiubcr 1/), 1940. Contribution of the Range Management Department, 
Utah Agricultural Experiment Station; report on Troject Ui2. ^ 

2 Acknowledgment is hereby made of the indispensable assistance given by Dr. A. E. Brandt of the Soil 
Conservation Service, IJ, S. Department of Agriculture, in the design and analyt.is of this experiment, and 
of the services of the I^epartment of Bacteriology and Biochemistry of the Ctah Agricultural Experimeni 
Station in the chemical analyses. 

3 Italic numbers in parentheses refer to Literature Citc*d, p 738 
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pliorus but an increase in silica-free ash and calcium, and little change 
in crude fiber. 

Stanley and Hodgson {IS) fotind regular declines in crude protein 
and phosphorus as the season progressed and increases in nitrogen- 
free extracts of Aiizona grasses. 

Studies in Oklahoma (4) showed a close relationship between pre- 
cipitation and the (ialciiirn-phosphorus balance in Androjwgon sco- 
2 )ariu 8 , As precipitation increased calcium content decreased and 
phosphorus content increased, and as precipitation decreased calcium 
increased and phosphorus decreased. 

Hopper and Nesbitt (9) found a quadratic relationship between the 
April, July, and October composition of grass hay; the July yield being 
higher in protein and nitrogen-free extract, and lower in fiber. A 
similar relationship for crude fiber was found in Arizona grasses (13), 

Orr (jff), in his classic work on plant minerals, reports positive 
correlation between mineral content, especially j)hosphorus, and soil 
moisture, which, of course, varies with the season. Season influcmces 
minerals in that they are highest during periods of maximum leafiness 
and activity of protoplasm. 

P^'agan and Milton (5) decided that the composition of grasses varied 
with season largely because of a different leaf-to-stem ratio. McCreary 
(10) suggesttnl that late season increases in total ash and lime might 
be attributed to dust accumulations. 

The response of plant composition to soil was inve^stigated by 
Truningcr and Griinigen (f^), who studied the rdation between soil 
reaction and phosphorus, potassium, and calcium but found no 
correlation. 

Iloltz (8) found in oats and certain clovers a relationship betwcnui 
pliosphorus and calcium content and the soil upon which they w(‘re 
grown. Peculiarly, tlu'. phosphorus content of oats followed tin’s total 
phosphorus content of the soil, while that of red clover folio W(»d more 
closely the available phosphorus content of the soil. In some soils, 
calcium content of oats followed the calcium contcuit of the soil but in 
others no relationship was found. 

Orr (11) concluded that mineral composition within a spc^cies is 
(hdermined primarily by the soil as shown by the response’! to fertilizers. 

Watkins (15) found that Rromus inermis when grown in the sun 
was high in percentage of carbohydrates and low in percentage of 
nitrogen as compared to plants grown in the shade. Long-day plants 
as compared to short-day plants were high in percentage of carbo- 
hydrates and low in percentage of nitrogen. At bloom stage nitrogen- 
fertilized plants as compared to check plants were high in percentage 
of carbohydrate and low in percentage of nitrogen. 

Greaves (7) found a highly significant positive correlation between 
total ash and calcium, and total ash and magnesium; between calcium 
and magnesium; and between phosphorus and crude protein, and 
phosphorus and crude fat. He foimd a highly significant negative 
correlation between total ash and phosphorus, and total ash and cal- 
cium and crude fiber and crude fat; between calcium and phosphorus 
and nitrogen-free extract; and between crude fiber and phosphorus, 
and crude protein. Similar results have been found in other studies (5) . 

Daniel (5), in studies of certain native and cultivated passers and 
legumes in Oklahoma, showed positive genetic relationships in the 
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cliomical composition of the phiiit-s. TJius, the content of plants that 
are normally low in calcium and phosphorus rernaincfl so when the 
])lants were j^rown on soils rich in these minerals and, (conversely, 
plants normally high in calcium and phosphorus remained so when 
grown on soil poor in these minerals. 

AREA OF STUDY 

Th(j investigations des(cril)cd herein were made on high mountain 
pastures oast of Logan, Utah, a region lying within the aspen-Douglas 
fir zone. The topography is very and irrt*gular, the soils higlily 
variable, and the v(‘g(^tation correspondingly complex. The pasture? 
wer(‘. not grazed during the season of study. 

SOILS 

Although no official soil survey has lieen made of this range-pasture 
an^a, the soils were ma})p('d by standard soil survey m(*thods for the 
purpose of this experiment. Eighteen distinct types were delimited, 
differing in texture, depth, color, and other profile characters. These 
types have not been officially described nor given series and type' 
nani(^s. Geologically this area is composed of rc'.sidual sandstones and 
limestone's of the Wasatch conglorncTate formation. In many arenas 
th(‘. formation has beeai waslKul very thin and a substratum of dolomite' 
of the adjacemt Ne)unan formation is very (*le)se to the surface. 

Thre'e of the' more' irni)or(ant soil type's we're seh'cte'd for use in this 
stuely. The basis for se'lection was the (juantity of lime pre'sent in the 
soil as elete'rmineel by the hydrochloric acid te'st. Although this was 
the basis for the' se'h'ction, numerous otlu'r differe'nces w^re apparent 
some' of which may have been as important as the lime content. It 
should likeiwise be' noted that total lime content may not be' an index 
to available calcium. Brie'f descriptions of the thre'c soils, eh'signate'el 
A, B, and C, follow\ 

Soil A , — This type' has a surface' laye'r of limefree black se)il high in 
grave'l and 3 inche's in depth. This laye'r is underlain to a eh'pthof 72 
inclu's by a red clay high in calcium carbonate. The soil was diffe'r- 
entiateel from all othe'rs by the pre'se'iieu' of large epnintities of lime in 
the upper laye'rs, and though occasionally the upper portions of the 
clay are free from calcium, this is not usual. The subsoils are' free 
from gravel. 

Soil 7^.— This type has a surface layer of black silty clay le)am con- 
taining some gravel and extending to a eh^pth of 12 to 18 inedies. A 
red clay layer is found under the black surface. Gravel andstoin^sare 
abundant in local areas but arei not common, and abundant calcium is 
found only in the deep layi'rs beginning at 42- to 54-ine*h depths. 

Soil C \ — This soil type is a browmish-black, gravc'lly, silty clay loam 
to de'pths of 12 to 18 inches below whiedi there is a laye'r of red to 
yellowish-brown gravelly clay. No calenum carbonate is pre'se'iit, 
though in local areas limi'stone was found. 

VEGETATION 

The ve^getation of the pasture belongs chiefly to the sagebrush type 
or to the aspen type^, and both type's are of complex composition. In 
order to eliminate the variable factor of plant-cover type', all sampling 
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was done in the sagebrush type. This type (fig. 1) was analyzed in 
detail by sample plots and found to hav(^ a density (foliage cover) of 
20.7 percent. Grasses formed 7.0 percent of the foliage cover; bi’Ows(' 
plants, 71.1 perc('nt; and forbs, 21.9 percent. A dt'tailed analysis of 
the composition of the foliag(‘ cover follows. 


Cirasscs: 

Percent 

Forhs: 

Percent 

Agropyron pa ucifloru m . 

2.0 

Achillea lanidom - 

2 2 

Prornus tectorum 

2. 5 

Agastache urtici folia 

13 

Stipa Columbiana 

. 5 

Aster 

. S 

Others 

2. 0 

Balsamorhiza sagittata ... . 

. 

Hrowse plants: 


Cogswellia inacrocarpa _ _ , 

. 7 

Amelanchier alnijolia . 

3. 7 

Collinsia tenella. _ . _ 

1. 2 

Aricmima IridevUala. ^ 

24. 4 

Cre/pis acuminata . . 

1. 3 

Chrysotham nus vucidijlorum _ 

13. 9 

Eriogonum heracleoides 

3. 4 

Prunus melanocarpa 

a 7 

Geran i u m f remont . 

1. 2 

Purshia tridentata 

7. 7 

Lupinus caudatus 

2. r> 

SyrnphoricarpoH rotund 


Senecio srrrtt__ _ . . _ 

. T) 

folma . . 

14. f) 

Stellaria janiesiana . 

1. 4 

Others. _ . , _ 

. 2 

Vida americana . 

. 5 

llelianihella uni flora 1. 7 

Wyethia amplexicnuhs ... 1. 5 

Others 1. 2 

The grazing season on this area as pr(*scribed hy tin* Fort'st Service* 

of the United States Department of Agricultun* is from about July 1 

to October 15. 

CLIMATIC’ CONDITIONS 



The climatic conditions of the area studied arc typical of those* in 
most of th(i westein mountains. Heavy snows nunain until about 
May 1 and tin* summers are comparatively dry but (*ool, resulting in 
good Rowing conditions throughout a normal summ(*r. The annual 
precipitation, though not measured, was estimat(*d at 20 incln*s. 

Tin* year during which these studies were* made* was abnormally 
elry, aeljacent stations showing annual precipitation to be only one- 
half to two-thirefs of normal. There was very little rain during the 
growing season. Rainfall in May and June* was normal, but- in 
July it was only about one-half of normal anel all occurreel afte*r 
the samples were erollecteel. J^recipitation elunng August was in*g- 
ligible*. Septemb(*r, howeve^r, was a near-normal month, with heavy 
rains about 1 week before the c 4 )llections were* made. 

METHODS 

Because of the complexity of the vegetation, one species, the rounel- 
leaf siiowberry {Symphoricarpos rotundifolius), a palatable and 
abundant shrub, was selected for study. This plant was lather 
uniformly distributed over all soil types and, h(*nce, lent itself well 
to th(*. studv. 

It is doubtful whether the r(*actions of this species would be typical 
of all other species or, indeed would remain constant for this speedes 
from year to 3^ear. It was felt, however, that data from this species 
could be used as an index to the importance that should be accorded 
a particular factor in collecting plants for analysis. 

Collections were made on 3 days in the summer of 1939, July 15, 
August 15, and September 15. Since normal fruiting did not take 
place (presumably because of a late frost) it was impossible to describe 
the stage of maturity except to state that the first collection was 
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considoT(‘.d about full-b^af growth and th(» last date niarkc^d the begin- 
ning of leaf dropping. 

In addition, from (uich soil type sampl(*s wen' taken from two sites 
or habitats, called good and poor. Tin* good sites wen' simply areas 
of vigorous or abov('-ayerage growth, oft('n north ('xposures or an'as 
when' moisture conditions w('n' Ix'tter. Poor sites w(*re often dry 
soutliern exposun's and growth was less vigorous. Topography also 
influene(*d the diih'reiHX' in growtli tlirough coneejitration of moisture. 
The diff('rene(^ hel wei'u the two was not sharp, but, in the field, it was 
obvious. Variation between these sites could be attributed in part 



FniCHK ]. Sagol)rnsl) typo upon which collections wore made. The as])(*n typo 
is vi'^ihlo in tlio background. 


to a difference in developmental stage and, in this respect, might be 
analogous to seasonal diflerences within a site. 

The nu'thod of collecting mat(*rial for analysis was designed par- 
ticularly to eliminatt' personal (‘rror by the following procedure. 
Transe(‘ts were considt'red to be 100 pact's along predecided liiK'S. 
On ('ach soil and sit(' at each date numlx'rs wt're drawn to dt'termine 
at^ which pact^s along the ti’ansect plant material would be collected. 
Duplicate collections wc're made within each lOO-pace transect. At 
two points thus selected, and tlx'se wen' marked “a’^ and ‘^b^^ in the 
ordi'r of collection. All *‘a'' collections and all '‘b'’ colh'ctions from 
10 such trans(‘.cts were composited, each constituting exactly one- 
tenth of the total sample. In collecting, the closest plant to the 
s('lectcd point was harvested, all current ginwth being included. 

Thus at each of three collection dates ((‘arly, medium, late) duplicate 
samples were collected from 3 soil type's (A, B, and C), and from each 
soil type on 2 sites (good, poor), giving a total of 12 se'parate samples at 
each date or 36 for the season. Each of these samples was, of course. 
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a composite of collections from 10 subareas. Chemical analyses were 
made in duplicate without regard to their checking, and each analysis 
was recorded separately to make possible the calculation of an analysis 
error. Standard analyses {!) were made for total ash, calcium, mag- 
nesium, phosphorus, crude protein, crude fat, crude fiber, and nitrogen- 
free extract. On the whole the experiment was set up on the basis 
of a factorial design. Although there were only 2 direct replications, 
there was considerable hidden replication, and as a result each con- 
clusion is founded upon at least 12 replications. 

Data were studied by the analysis of variance. Individual sums of 
squares were computed for each degree of freedom {J2, p. 336). This 
method of computing is somewhat empirical and involves selected 
comparisons and, hence, cannot be expressed by a standard equation. 
In result, it docs not differ from the common methods of determining 
variance except that it permits a subdivision of the variance according 
to source. 

As an example, let us suppose Xi, Xi, and X3 to be the three observed 
variables and it is desired to compare the first with the second and the 
first two with the third. The two comparisons wotild be represented 
thus: 

(X,-xy- 0 ) 

p+i' 

(.Y.+.Y,-2A3)'^ (2) 

P-+-D+22 

The resultant suras of squares are divided by the (h'gnu's of fretniom to 
obtain mean squares for each comparison (see table 4). 

Through the use of this method it was possible to measure tendencies 
toward either linear or quadratic rclation.ships between composition 
and date of colh'ction and between composition and soils. Since but 
three points were determined for each curve, the data merely measure 
general trends. For general tests of significance the f'’ table of 
Snedccor {12) was used, and unless otlu'rwise specified, interactions 
were grouped to form the error term. 

ANALYTICAL DATA 

PROTEIN 

A summary of the results of the protein analyses is presented in 
table 1. Protein showed a highly significant ^ decline as the season 
progressed, the variation with time being strongly linear.® The 
decline was from an average of 11.24 percent on July 15 to 9.19 on 
August 15 and to 6.58 percent on September 15. Date of collection 
was far more important than any other factor in its influence upon 
protein. Site generally had a significant, though slight, effect upon 
protein, the good sites yielding an average of 9.31 percent and the 
poor an average of 8.69 percent. This relationship ceased to exist 
m late season, however, for there was no significant difference between 
the two sites in September. 

< An effect or difference is said to be significant if it is of siicii magnitude that the probability of its chance 
occurrence in undifferentiated material is equal to or less than O.OS. If the probability is equal to or less 
than 0.01 the effect is highly significant.. 

0 Mean square values are shown in table 4. 
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Table 1. — Chemical composition {air-dry-weight basis) of snowhnry plants col- 
lected on three different dates^ as affected by soil type and site; data based on an 
average of four analyses 

PllOTKlN CONTENT 



1 


(’oni posit ion o! plants grown on - 


(’ollcctien dntc 

1 

A soil ' 

1 

n .soil 

(' soil 

Aveiage 


1 

( io(Kt { 

l*oor ' 

! 

(lood 1 

Pool ! 
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Table I,— Chemical composition (air-dry-weight basis) of snowberry plants coU 
lected on three different dales y as affected by soil type and site: data based on an 
average of four analyses — Continued 

CALCIUM CONTENT 


Composition of plants kiowii ori- 


ColU'ction dati* 

1 A soil 

B soil 
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A \ ertme 


1 
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site 

J*()or 
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Tlierc was an insignificant quadratic relationship bidween soil and 
protein, tln^ B soil being mon* favorable for protein than (dther th<' 
A or the C soil. This relationship was ospetually obvious in tlu' 
August analysis but entirely absent, in the September analysis. How- 
ever, the interaction was not significant. 

, NITROGEN-FREE EXTRACT 

Date of collection was far more important than any other factor 
in its influence upon nitrogen-free extracts. The pronounced decline 
as season progressed was significantly greater during the last month 
than during the first month (table 1); in fact, in tlui A soil thert* was 
a slight increase betwecui July iind August. 

Nitrogen-free extract bore no significant relation either linear or 
quadratic to soil type; the soil types responded differently at diflVrent 
dates, the B soil appearing to have a gnuiter seasonal n^sponsc' than 
either the A or the C soil. Site had a significant, though not large, 
influence, the av(‘ragc percent being 46.01 on good sites and 47.10 on 
poor sites. 

CRUDE FIBER 

A very higlily significant increase was found in crude fiber as tin* 
season progressed and, though the relationship appears to be linear, 
there was a greatcu* increase* during the last month than during the 
first (table 1). 

An insignificant positive relationship existed between lime content 
of soil and crude fiber yield from plants collected on poor sites, the 
relationship being essentially linear. 

Analysis brings to light an interesting interaction between date of 
collection and soil in their influence upon cruder fiber. The B soil 



I )H*. If), 1041 Chemical (hmpofiition Syrnphoricarpoti roUmdiJolius 735 

was much more reactive to date than either the A or tlie C soil. Plants 
from the B soil contained less fiber at the first analysis and more at 
the last than those* from (uth(*r of the other soils. A slij^htly greater 
fiber content was found iu plants from good sites (19.08 percent) 
than in plants from poor sites (18.56^percent). 

CRUDE FAT 

Orude fat did not differ significantly with c‘hang(*s in soil, date, or 
site. However, the* data indicated a close relationship between fat 
content of forage and soil type (table 1). This was especially evident 
on poor sites. 

A small but not quite* significant relationship (*xisted betweien site 
and fat eontc'iit of the forage. Poor sites av(‘raged 12.03 percent fat 
and good sites 11.65 p(‘rcent. 


TOTAL ASH 

The total ash c.ont(*nl was found to decrease as tlu* season progressed, 
the decrease* be*ing significantly greater in the last month than in the 
first (table 1 ). 

Theu'e was likewise a highly significant re*lation be‘tvv(*en soil and 
total ash content, the C' soil averaging more than (*ither the A or 
the B soil. 

Site was insignificantly r(*lateel to ash content, the poor site^ ave'raging 
().22 percent and the gooel site* 0.38 pe*rcent. 

PHOSPHORUS 

Phosphorus showed a highly significant re*lation to colle*ction date 
anel soil but ne)t to site. Average yields shown in table 1 indicate* a 
tendency toward a large*. line*ar decrease* as the* sc*-ason pre)gressed. 

The^ phosphorus <*ont.ent was signifie*antly gre*ate*r on the C soil, 
e*spe*cially e)n gooel sites. The difference was signifie*antly gre*ater be- 
tween C anel B soils than between B anel A soils. Phe)sphe)rus was 
highe*r on gooel site's at early anel late* elate*s of colhK'tion, but higher 
on poor sites at the intermediate date*. Poor site*s we*re* higher in 
phosphorus on A soil but we*re lower in })hosphorus on C soil. 
This soil-site inte*raction was highly significant. 

CALCIUM 

There was no significant elifi‘ere*nce* in calcium e*ont(*nt eff the plant 
on different soil types (table 1). A highly significant incie*ase was 
found in cale*ium at the mielelle elate anel this was followeel by a de- 
e'.line*, no significant elifference* e*.xisting betwe(*n the e*arly season anel 
the late season analysis. 

Plants from gooel sites tende*el to have slightly h*ss e*alcium (1.43 
percent) than those from poor sites (1.52 ])ercent). However, the* 
elifference was not quite significant. 

MAeiNESIUM 

Magnesium showed no significant redatiem to soil (table 1). There 
was a highly signifie*ant teuidemcy towarel ele*erease in ave*mge mag- 
neisium content as the season progre'ssed. This was e.xhibiteel much 
more strongly in plants from gooel site's than in those from poor. 

429781—41 4 
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Plants from poor sites contained a highly significantly greater quan- 
tity of magnesium, averaging 0.335 percent as compared to 0.290 in 
plants from good sites, 

COMPARISON OF FIELD ERROR AND ANALYSIS ERROR 

In order to place field errors on a comparable basis the variance^, of 
field error of each constituent was divided by the mean of the percent 
of that constituent in all samples. The same treatment was followed 
for analysis error. The results are shown in table 2. 

From these values it is evident that a generally higher variability 
occurs between duplicate collection samples than between duplicate 
chemical analyses. The chemical analysis is most variable in crude 
fat, nitrogen-free extract, and crude fiber in the order named. This 
might be considered as an index to the accuracy of analytical methods 
used. The field-collection duplicates varied greatly in crude fiber, 
nitrogen-free extract, and crude fat in the order named. 

Only in the case of crude fat did the variation within chemical- 
analysis duplicates exceed the variation between collection duplicate's. 
This would indicate a refinement of analytical method insufficient to 
differentiate between collection duplicates. This same situation is 
approached in the case of nitrog(‘n-free extract. 

The greater variation shown in some constituents than in others 
between duplicate collections woidd indicate that these constituents 
vary more in individual plants, though it must be kept in mind that 
chemical-analysis error is carried over to fit'Id-colh'ction error. For 
example, the high field error in the case of errnh' fat might bt' accounted 
for entirely by (‘hcmiical error. 


Tabt.e 2. — Field- and laboratory-error comparison {vaiiance divided by general 
wean) and ratio of laboratory error to field error by comlitnenls of snowherry 
plants; based on data m table 1 
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1 erroi 

Labo- 

ratory 

error 

Ratio of 
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1 77 

8 no 
18 08 

0 90 

Percent 
0 09 

2 tVi 
72 
10. 93 
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•0 84 
32. 50 
3.98 
158 40 

Total ash 
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Percent 
4 67 
42 

1 89 

2 76 

1 

Percent 

.02 

.(X)4 

.00 

.06 
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4t 
.96 
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2 18 


NEED OF DUPLICATE SAMPLING 

Estimated standard errors were determined according to the method 
suggested by Bartlett and Greenhill {2). Table 3 shows these esti- 
mated errors for each constituent had field and laboratory duplication 
of various combinations been used. Mean square values derivecl 
from table 1 are shown in table 4. 

With the exception of crude fat, there is little increase in acouraev 
gained by duplicate chemical analyses. As Bartlett and Greenhill 
have stated, “the chief justification of duplicate determinations 
*'''*» that they serve as a check against the possible return of 
an erroneous figure.” In the case of crude fat, however, there is 
.Apparpt a large variation in chemical analyses, and duplication 
materially reduces the standard error. 



J)oc 15, l«4l 


Chemical CompomHon Symphoricarpos rotundifolius 737 


P'it'kl-collection du])lication gjcnerally docs not give a significantly 
increased accuracy of data. Duplication of tlu^ fitdd sampling, how- 
ever, does appear to be more important than duplication of laboratory 
analyses. In the case of magnesium, duplicate (*ollection results in a 
materially decreased standard error but in no other instance does tlu'. 
incn^ased accuracy appear sufficient to justify the labor and cost 
involved. These conclusions do not, of course, ignore the im])ortanc><' 
of duplication as a nu'ans of checking errors. 


1'able S.- Estimated standard errors for each constituent of snowherry plants ex- 
pressed as percentage of the general mean for various cornbinat ions of field and 
laboratory duplication; based on data in table 1 
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12 24 1 
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1 , 
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12 51 

; 31 

1 9 37 

14. 60 

2 

2 

' 22 72 

5 22 

24 49 

1 0 5S 

1 ' 

12 54 

1 21 08 

1 9 37 i 

1 

14 60 


• The larjicr staixlard error obtained for enide fat with 2 field samples probably is not sigmfieant and it 
means, simpl>, tiuit the \ahi<*s obtained from 2 sami>les are no more ndiable than those* obtained from 1 
sainpli*. 


T\ble 4.' Mean square values J or each constituent of s7iowberry plants by compari 
sons; based on data in table 1 
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260 ail 
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1 ,305 826 
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.028 
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139 1 

1 1 294 
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000 
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CONCLUSIONS 

From these studies it is (‘oncluded that in collecting plants for com- 
plete chemical analysis attention must be given to soil type, site, and 
(lat(» of collection. The importance of thest' var iables, howc'ver, is 
dependent upon the individual constituent being analyzcul. In collec- 
tions to determine seasonal variation it is essential to sample within 
the sam<' sit(‘ and soil type or so to composite the colle(^tion as to 
make it representative oi these tvro variables. In complete chemical 
analysis the complicating interactions that occur Ix'tween these vari- 
ables make it impossible to forecast chemical response to any one 
factor unless all others are made constant or made a part of the analysis 
through appropriate experiimntal design. 
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For those reasons it is sngg(‘stod tliat in sampling highly variable 
range floras for chemical analysis, seasonal collections b(^ made from 
regularly established stations. These stations should be so located 
as to be representative of the soil type's and sites that exist within the 
range. This can be done by making the number of stations within 
each soil type and site numerically proportionate to the area occupied 
by that particular soil type and site in the ('iitire range. The sample' 
should, of coui’se, be equally composited from each station. 

SUMMARY 

(flieunical response' was studieel in Syrnphoricarpos rofundifolius 
iie^ar Logan, Utah, to variation in vsite, elate of collection, anel soil type'. 

Date of collection was by far the most influential factor, late se'ason 
ix'sulting in a highly significant decre'ase in protefin, nitre)ge'n-free' 
e'xtract, total ash, phosphorus, and magnesium; and a highly signifi- 
cant quadratic influence' upon calcium. Only crude fat faileel te) 
le^spond to season. 

Soil type had a highly signifie^ant influence upon total ash anel 
phosphorus content anel a pronounced though insignificant t'lfe'cl 
upon protein (‘.oiitent. 

Site had a significant influence upon prote'in anel a liigldy significant 
influemce^ upon magnesium, prote'in being higher and magne'sium le)wei’ 
on good site^s. Nitrogen-fre'c e'xtract was also signifi(*antly highe'r e)n 
})oor site's. 

Complc'.x interactions are' common be'twe'e'n elate of collection, site, 
and soil, and for this reason attention must be given to all be'fore broael 
e'onclusions are', drawn re'garding the influence' of any. 

Large error or variation was apparent in the' analytie*al proe'e'elun' 
for crude fat, and the field variability was especially high in e-riiele' lil)e'r, 
nitrogen-freH', extract, and cruele fat. 

For the determination of most components duplicate colle'ction and 
eluplicate', analysis elo not increase the accuracy comme'iisurate' with 
the extra expense incurred, and he'ne*c can be* justified only as a nu'ans 
of che'cking e'rrors. 
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AN INVERSION, A RECIPROCAL TRANSLOCATION, 
TRISOMICS, AND TETRAPLOIDS IN BARLEY > 

By Luther Smith 2 

Agent, Division of Cereal Crops and Diseases, Bureau of FHant Industry, United 
States Department of Agriculture 

INTRODUCTION 

The objectives of the investigation reported heroin were (1) to 
explore the possibilities of barley {Hmleum vulgare L.) as a subject 
and source of problcrns for cytological study and (2) to make a survey 
of some mutants, varieties, and hybrids of barley in order to determine 
whether there may be any^cytological basis for observed peculiarities, 
such as dwarfness or sterility, of certain plants. Except in a few 
instances, the observations here reported were made during June 1940 
at Aberdeen, Idaho. • • 


REVIEW OF LITERATURE 

Though barley has b(‘en list'd rather extensively in genetic studies, 
f('W cytological observations havt* been reported. The first observers 
were interested in the number of chromosomes and their morpliology 
in the various species. A review of the contributions of most of tlic 
early authors may be found in Chimpu (4) ® and Lewitsky (10). 

Cultivated barleys, and some noncultivated species, havi* 14 somatic 
chromosomes. Wild species with 14, 28, and 42 chromosomes were 
reported by Criffee (,5), Ghimpu (4), and otliers. TIk* chromosomes 
are long and slender, with median or subniedian centromeres. Emme 
(3) was the first to report satellites in barley. Lewitsky (10) reported 
that there w'ere regularly 2 pairs of chromosomes with satellites in the 
s])ecies having 14 chromosomes. One pair of satellites was larger than 
tile other. These satellites are presumably different from the large 
appendage observed by Ilasegawa (0) in 9 species fnim Aegilops, 
Triticum, Secale, and Hordeum. If that is the casi', there are .3 pairs 
of chromosomes with distinguishable appendages. 

Johansen (7) examined root tips from a commercial lot of seed of 
Hordeum vulgare and found a high frequency (possibly 10 percent) of 
haploids. He observed two appendages (with inconclusivi* evidence 
of two more) in diploid and two in haploid root tips. The haploids 
were discarded before their constitution was known, so a study of 
meiosis could not be made in them. Tometorp (£3) studied meiosis 
in pollen mother cells of a haploid of H. distichum, however, and 
found occasional bivalents. Usually the chromosomes were dis- 

‘ Received f<»r publication February 8, 1941. Cooperative inveslijrations between the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, V, 8. Department of Affriculture, and the Field Crops 
Department, Missouri Agricultural Exiierlnient Station. Contribution from the Field Crops Depart- 
ment. Missouri Agricultural Experiment Station, Journal Scries No. 723. 

» The writer is indebted to H. V. Harlan, G. A. Wlobe, Mary L. Martini. C. A. Suncson, and Harland 
Stevens, of the Bureau of Plant Industry, and John L. Toevs, of the Aberdeen substation of the Idaho Agri- 
cultural Exiwrimont Station, for supplying materials or providing facilities for these investigations. 

* Italic numl^rs in parentheses refer to Literature Cited, p. 749. 
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tributcd at random in the first division and tin', chromatids did not 
ordinarily separate until the second division. Microspores wer(‘ 
observed with 7, 8, and 13 or 14 chromosome's at tlie first mitotic 
division. 

Ekstrand [2) reported observations on the' meiotic process in a 
partially asynaptic strain of barley, and Swenson {22) described 
meiosis in normal plants. 

Peto {13) examiiK'd diploid and tc'traploid florets on the same spike' 
for chromosome' pairing and chiasma freque'ne*y. He' found an ave'Tage' 
of 3.58 ejuaelrivalents (range 1 te) 7) in 4 a/ pedle'n inotheT cells. One 
of two me'gaspe)re mothe'r cedis hael 7 epiaelrivalents; the otlu'r hael 4. 
In the tetraploiel polle'ii mother cedis there' were' 1.87 time's as many 
chiasmata as in the'- eliploiel. 

Miintzing, Tome'torp, and M undt-Pe'te'rse'ii {12) and Karpe^edienko 
(S), with heat, and De>rse\y (/), with cedchicine, obtaine'el tetraploid 
barle'y plants. All founel plants with 1, 2, e)r 3 more than 28 somatic 
chromosome's in the progeny of tetraploid pare'iits. Muntzing 
reportenl 4, and Karpeche'nko 1, offspring with only 27 cbromeisome's. 

Katte'rmann (9) was the first to re'port a trisomic plant in barh'v. 
He' observe'el mitotic anel meiotic divisions in a trisomic plant of //or- 
deum distichvm. The' chromosome involved was neit one' with a sate'l- 
lite. 

MATERIAL AND METHODS 

The ])lants studie'el were mainly from varieties anel strains e)f /lordenm 
vulgare that we're being used in the' bark'V bre^eding project of the' 
Division of Cereal Cro[)s anel Dise'ase's. An adapte'el acetocarmine' 
sme'ar te'clini((ue'- was used in making all slide's for cytedogical 
obse'i’vations. Carnoy ^s fluid was use'el as a fixative'. Heads were fixed 
for 1 to several days; re)ot tips for a we*ek or longe'r. A more complete' 
de'seription of the'- root-tip sme'ar pre)ce'elure‘ has be'en publisheel by 
Smith {18). Some sme'ars were' made permanent by an improveel 
methoel (e'mple)ying tertiary butyl alcohol inste'ael of xyle'ne') sugge'steel 
by Seam {17). Photennicrographs were' take'u with a Leitz Makani 
came'ra. 


.1, A bridge with a fragment beside it; first anaphase in a pollen mother cell. 
H, A bridge and fragment at second telophase in one cell of a dyad. The frag- 
ment is indicated near the pole. (\ A ring of four chromosomes (open) at 
first metaphase in a pollen mother cell of a plant heierozygous for a reciprocal 
translocation. D, Seven pairs at first metaphase from the same slide as C. 
Two pairs are attached at only one end. Ey First flivision in a micr()s])t)re, 
showing satellites on two chromosomes. F, First meiotic inetaphase in a pollen 
mother cell of trisomic plant 202 1; trisome indicated by arrow. (7, Second 
meiotic anaphase in a pollen mother cell of trisomic plant 202 2. A lagging 
chromatid is in each daughter cell. The cliromatids of the extra chromosome 
pres\imat)ly separated in the first division. //, A chromatid in which ‘^mis- 
division^^ has occurred; second meiotic anaphase in trisomic plant 202-2. /, 

Diakinesis in a tetraploid ^‘Big Boy/’ barley. There are three open rings of 
four, a zigzag group of four (top, right), a chain of four (center, right), and four 
bivalents. Note the two nucleoli. (Photomicrographs A and B were taken at 
a magnification of 1,050 diameters, the others at 850. All were reduced about 
1/10 in reproduction.) 
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AN INVERSION 

In attempting to determine the cause of the low seed production in 
a “Sterile Flowers” stock (a selection from Hordeum deficiens nudide- 
Jiciens, C. I.^ No. 2229), two of five plants examined in one progeny 
were found to have seven pairs of chromosomes at first metaphase and 
bridges and fragments at first and second anaphase or telophase in 
pollen mother cells (pi. 1, A and B). Other “Sterile Flowers” plants 
did not have the bridges and fragments, so presumably there is some 
other cause for the sterility in “Sterile Flowers” plants. Table 1 sum- 
marizes the obs('rvations on bridges and fragments at the first division 
in the two plants. In plant 219-2, 24 percent of the cells had either 
a bridge or both a bridge and a fragment, and in plant 219-4 the 
value was 14 percent. A larger proportion of the cells of plant 219-4 
wore without visible fragments. 

At second anaphase and early telophase in plant 219-2, 4 quartets 
had a bridge and fra^ent; 16 had a bridge but no visible fragment; 
and 72 had neither bridge nor fragment. Thus about 20 percent of the 

S uartets had a bridge. The fragment was not necessarily locatiui near 
le bridge. The fragment presumably was formed in the prophasc* of 
the first division, though it may not have b(“,come free until the second. 

TABiiE 1. — Data on bridges and fragments at the first iiieinlic division in pollen 
mother cells of plants with an inversion 


Plant 

Cells with a bridpe 

Colls without a bridno 

1 

'I'otal colls 

Number 

9r» 

20H 

With a 
fraifincnt 

W ithout a 
frapimmt 

With a 
fragment 

Without a 
framnont 

2\^2 

219-4 - - 

Number 

18 

K 

Number 

f) 

21 

Nu mber 

5 

9 

1 

Number 

(u 

170 


The bridges and fragments iii the two plants may be accounted for 
by assuming single cross-overs in an inverted segment, as di'picted 
in figure 1, though, as shown by Richardson {15), a duplication can 
also give bridges and fragments in plants with bivalents only. As 
the fragment is small the inyersion must be near the end of the 
chromosome. The percentage, of bridges, however, might lead one 
to expect a lai^cr fragment. The explanation may be a high fre- 
quency of crossing over localized in the short inverted segment. Tin* 
bridges at second anaphase and telophase fit the interpretation of 
single cross-ovei's in the inverted region, accompanied by simultaneous 
cross-overs in the proximal uninverted portion of the* arm. Expla- 
nations for the absence of a fragment in a cell with a bridge at the first 
division have been considered by McClintock {11), Swanson {21), 
and others. 

Plant 219-2 (a 2-rowed type) had a seed in all but 1 of 45 primary 
florets, so female fertility was not much reduced. 

McClintock * has also observed that inversions (and other aberra- 
tions which give rise to bridge configurations at meiosis) do not 


* O. I. refers to accession numbor of the Division of Cereal Crops and Diseases. 

* McClintock, B. Unpublished observations. 
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produce female sterility proportionate to the number of pollen mother 
cells with bridges. 

Sturtevant and Beadle {19) and others have observed that single 
cross-overs in heterozygous inversions in Drosophila melanogaster do 
not result in inviable zygotes. Sturtevant and Beadle suggested 
that the chromosomes were oriented in such a manner that only 
non-cross-over chromatids get into the nuclei that become the egg 
nuclei. The same sort of behavior may account for the lack of 
sterility in the barley plant. 


FIRST SECOND 

PROFHASE ANAPHASE ANAPHASE 



Fku’kji} 1. — A diagram illustrating some modes of origin of bridges and fragments 
from crossing over in a bivalent heterozygous for an inversion. .1, A single 
cross-over in an inverted segment. By A single cross-over in an inverted 
segment and a simultaneous cross-over in a proximal uninverted segment 
producing a three-strand double cross-over. Cross-overs are represented by 
“x’’ and the centromeres bv circles. For more complete diagrams of crossing 
over in inversions, see McClintock (//), Richardson {15)^ and Sax {16), 

A RECIPROCAL TRANSLOCATION 

111 1938 the writer received from G. A. Wiebe ^ seed of plants, some 
of which were supposed to be heterozygous for a gene causing “Con- 
tabescent Anther,” a mutant characterized by nearly complete male 
and female sterility. This mutant was selected from C. L No. 3845, 
a variety obtained from Kashmir, India. The sterility is associated 
with a meiotic irregularity as yet undescribed. In an examination of 
this stock for the meiotic disturbance, th(‘ r('ciprocal translocation 
described in this section and the three trisomic. plants reported in the 
next section were found. No cause for the coincidence of these three' 
different irregularities in the same stock was obse'ived. Several 
normal plants were regular at meiosis. 

The translocation apparently involves small segments of each of 
two nonhomologous chromosomes. Often the configuration at fiist 
metaphase is a chain of four instead of a ring, and not infrequently 
seven pairs are formed (pi. 1, C and D, and table 2). 

More pollen mother cells had zigzag (disjunctional) than open 
(nondisjunctional) configurations of the chromosomes in the ring or 
chain (table 2). Plant 201-1 was the parent of 207-1, and the 
behavior of the ring in the two plants was similar. The behavior of 


* Agronomist, Division of Corcai (Yoi)S and Dlstmses. 
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the ring in the two sib plants of 203, whose grandparent was the 
parent of 201, differed from that of the ring in 201 and 207 in that 
fewer rings and chains were formed and more cells had seven pairs. 
It is possible that another interchange is involved, though the close 
relationship between 201, 207, and 203 makes this xinlikely. Also 
interchanges involving such small seginents that chains and even paii-s 
are formed have not beeiT common in other organisms. Except for 
the closed rings in the two plants of 203, these plants might be sus- 
pected of having received deficiency-duplication gametes formed by 
nondisjunctional segregations of the ring observed in 201 and 207. 

Table 2,~ - Configvrniiom of chromosomtH at first vieiotic mvtaphnse in pollen 
mother cells of plants heterozygous for a reciprocal translocation^ 




kinji of 4 

f'hain of 4 




IManf 



- 


_ „ . 

. 



7 pa’rs 

n nclas- 

Total 

'/AH- 

Open 

Unclajfc^ 


Open 

Unclas- 

sifted 

cells 


7,ag 

sifted 


sifted 





Number 

1 

1 

Number 

Number 

Number 

Number 

Number 

Nu mber\ 

Nn mbt i 

201-L 

Ki 

4H 

2 

.30 

10 

2 

12 

10 

221 

207-1 

52 

20 

1 

‘W s 

37 

7 

54 

1 30 

3IK 

203-1 . - - 

2 

2 

0 

34 I 

23 

ft 

no 

; 48 

22S 

203-2 

S 

12 

0 

32 

21 

ft 

31 

1 122 

22ti 

1 


1 Soo te\t foi relationship of plants 


No comparison of the set^l set of normal and ring-forming sib 
plants has been made as yet, but it is (Jt'ai* from table 3 that plants 
with the interehang(‘ are not ^‘semisterile’^ in seed set. The first two 
plants in tabh'. 3 were* ring-forming plants grown in the gr(»enhous(' at 
Columbia, Mo. The third was grown in the field at Aberdeen, Idaho. 
The last two plants were normal field plants whi(‘h W(»r(» not sibs of 
the ring-forming plant but do give some information on f(*rtilily of 
plants of similal* type. There is a close agreement in the fertility of 
the three ring-forming plants (65.6, 69.0, and 64.8 percent) and a 
similar agreement between the two sev(‘n-pair plants (92.4 and 93.0 
percent). The fertility of the ring-forming plants also approximates 
the proportion of the pollen mother cells of the first two plants ,of 
tral)le 2, in which the chromosomes were oriented disjunction ally. 


Table 3.— Fertility of ring-forming and normal plants 


riant 

Configuration 

Florets Seed Fertility 

347-1 . 

347-2 . 

207-2 

f) pairs + Ri 

do.., . 

do 

Number Numl^er PerenH 
06 03 <>5. 6 

120 89 00,0 

270 175 04 H 

198 183 02 4 

213 108 03.0 

210-2 

7 pairs 

do . 

217-1 - - -- 


TRISOMICS 

Three trisomic plants were found in the same stock that had the 
reciprocal translocation and the mutant “Contabescent Anther.” Two 
occurred among 182 offspring of 1 plant. The third was found among 
about 20 offspring from another plant. The populations were so 
uniform that the 3 trisomic plants, which were smaller than the others. 
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wore suspoetod of being haploid or otherwise abnormal. It is possible 
that other trisomics were pn^sent but did not aftect the appearance of 
the plants sufficiently to attract attention. The 3 plants w(u*e about 
two-thirds the height of normal plants, woro vigorous, and pro- 
ducecl several tillers. There was no obvious morphological charac- 
teristic*- to distinguish theun from one anotlnu* or from normal plants. 
Careful observations on jnore individuals may reveal identifiable'- 
pi'culiarities. 

There is probably no causal relation f)etW(HUi the translocation prc'- 
viously described and the trisornes. If there had a 3 : 1 distribu- 
tion of the- chromosomt's at meiosis in a ring-forming plant, the 
offspring receiving the (*xtra chromosome would have a chain of five 
chromosomes in some pollen mother cells. No more complex associa- 
tion than a trivah'iit was obsc'rved in the trisomic plants, but since tlu' 
translocation apparently involves quite small segments it is difficult 
1o exclude the possibility that chains of five do occur. 

Cytologically there was no clue as to whether the same- chromosome 
was involvc'd in the three trisomic*- plants, (^ytological observations 
were limited, howevc'r, to mc'iotic stage's, whc'rc' chromosome morphol- 
ogy is not very wc'll c'xprc'ssed. Further obsc'rvations on root tips or 
niic*rospores should make it possilde to clc‘t('rmine whetlu'r either of 
the satc'llited chromosomes as shown in plate 1, E, and by Jjewitsky 
(10) is pres(»nt in triplicate. 

In some pollen mothc'r cc'lls tlu' chromatids of th(' extra chi*omosome 
sc'paratod in the first division. These presumably accounted for the 
lagging chromosome's at the second clivision and for most of the 
mic'ronuclei in the ([uartets. 

Photomicrographs (pi, 1 , F and 0) show typical c*c)nfigurations of 
meuosis in the trisomic plants. Table 4 summarizes the observations 
on the- extra chromosome in two of the^ plants. A considerable' pro- 
])ortion of the quartets had tio mie*ronucleus and approximat.c'ly one- 
third of the spores probably had e'ight chromosome's (e'alculaied from 
table 4). There was no observed cause for the e;e)nsiderable' number 
of quartets in plant 202-1 with more than two micronuclei Four 
cjuartets in this plant had five* micronucleu each; othe*rs had thre'c* or 
four. 

The- chromosomes of a trisome in trisomic plants are known to tc'nd 
to ^^misdivide'^• i. e., to divide transversely instead of longitudinally 
across the centromc're. As a result of this ^‘misdivision'’ half chromo- 
somes are forme'd with terminal ce'ntromere's.^ This sort of behavior 
was observe'd in seve^ral pollen mothc'r cells in the trisomic barley plant 
202-2, Plate 1, //, shows a chromatid after a ^‘misdivision.^^ The 
irregularity in this case probably occurred at the sc'cond anaphase, 
though in another cell at second metaphase two fragnu'nts wert' 
already present so the ^^misdivision^' in this case pn'sumably had 
occurred in the first division. From results n^ported in other organ- 
isms, half chromosomes with terminal centromeres and secondary 
t-risomes might be ('xpected if sufficiently large progenies from tlu* 
trisomic plants w('re examined. 

Trisomic offspring have been obtained from two of the three original 
plants (202-2 and 207-3). 


7 St*e Rhoades iU) for a mdow of th(> litornturc rolatiDg to this phenomenon. 
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Plant 

First metaphase 

First anaphase 

First telophase 

Second anapha.se 

Second telophase 

Cells 

with 

trlva- 

lents 

Cells 

with 

uni* 

valcnts 

Cells 

with 

chro- 

matids 

sepa- 

rating 

Cells 
with 
chro- 
matids 
not sep- 
arating 

Cells with in- 
dicated number 
of micronuclei 

Cells with in- 
dicated number 
of lagging 
chromosomes 

Quartets with in- 
1 dicated number 
of micronuclei 

0 

1 

2 

0 

1 

2 

0 

1 

2 

3 or 
more 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

1 

No. 

No. 

No. 

No. 

202-1-..- 

4 

43 



41 

4 

0 




06 

40 

62 

20 

202-2.. . 

12 

25 

14 

14 

106 

12 

1 

5 

2 

2 

' 33 

13 

10 

0 


TETRAPLOIDS 

Throe tetraploid stocks were available for study, but. because of the 
lack of time and the abundance of other material only limited obser- 
vations were made on them. One stock, ''Big Boy,” was found in 
1936 by H. V. Harlan ® in a selection from the cross Trebi X Club 
Marion t; another was a tetraploid strain of Opal B the third stock 
was a tetraploid line of the variety Everest, obtained by Harland 
Stevens from a treatment of germinating seeds with colchicine. 

There was no conspicuous difference in the meiotic behavior of An 
plants from the three sources. Quadrivalents were the rule (pi. 1, /). 
Univalents and trivalents were fairly common, but micronuclei in the 
quartets were not numerous. 

Each of the three lines had occasional small plants; some wcue 
extreme dwarfs, forming rosettelike clumps. Some of the less ab- 
normal plants were found to have 26 or 27 chromosomes, but no count 
was obtained on the more extremes dwarfs. 

Stevens had planted seeds from a few small plants of the An Evei*est 
stock, and in turn the small plants in these progenies were examined. 
One of the smaller plants had 29 chromosomes, another 29 or 30, and 
a third had 28. This last plant possibly had an urd)alanced constitu- 
tion, with more than 4 homologous chromosomes in some cases and 
fewer than 4 in others. 

Six plants that grew from^ attempted crosses of diploid pollinated 
by tetraploid had 14 chromosomes at meiosis. One plant from the 
attempt(Hl cross of tetraploid by diploid had 28 chromosomes in a 
root tip. 

Table 5 presents data on the fertility of the three tetraploid strains. 
Although the data on corresponding diploid lines are not available, it 

Table 5. — Fertility of tetraploid barleys 


Tetraploid strain 

Location where grown 

Year 

Florets 

Seed 

Fertility 

Big Boy- 

Do. 

Opal B . . 

Do 

Everest 

Aberdeen, Idaho . . . 

Madison, Wis . . . 

— do . 

Sacaton, Ariz-- 

Aberdeen, Idaho 

§1111 

Number 

103 

1.53 

64 

120 

367 

Number 

123 

70 

26 

42 

160 

Percent 
63 7 
46, S 
40.6 
36. 0 
44.8 


B Principal agronomist, Division of Cereal Crops and Diseases. 

* Obtained from A. Mdntzing, of Svalof, Sweden. 

to Assistant agronomist, Division of Cereal Crops and Diseases. 
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can be safely assumed from this table that fertility in tctraploids is 
considerably lower than in the diploids. 

OBSERVATIONS ON MISCELLANEOUS MUTANTS AND HYBRIDS 

IN BARLEY 

Seven mutants (in addition to “Contabesccnt Anther”) were ex- 
amined for meiotic iiregularities. No abnormality was observed at 
the stages examined, which in almost every case included first meta- 
phase and anaphase, but the obscTvations wc'rc of necessity limited. 
The mutants included: “Curly Awns,” one plant; “Sterile Flowers,” 
seven plants; “Sterile Flowers, Smooth Stigmas,” one plant; “All 
Wrong” (a dwarf), three plants; “Mary’s Dwarf,” one plant; “Mul- 
tan” (a variety), two plants; “Uniculm,” two plants; Suneson’s 
“Male Sterile” {20), three plants. 

In a search for trisomics, triploids, and haploids, offtypo plants were 
sampled among the lauje number of varietal hybrids in the breeding 
project at Aberdeen. No clu'omosomal aberrations were found though 
29 peculiar plants were c.xamined. 

SUMMARY 

About 20 percc'iit of the pollen mother cells in two plants of one 
progeny of barley had a bridge or fragment or both at the first divi- 
sion. These configurations are interpreted as diu' to crossing over in 
a heterozygous inversion, 

A reciprocal translocation is d(‘8crib(‘d. Limited observations in- 
dicate that in about (iO percent of the pollen mother cells, segrega- 
tions of the chromosomes were disjunctional. Fertility was almut 
6r)-p(>rc(*nt perfect in three ring-forming plants. 

Three trisornic plants wc'n^ found. Observations on mc'iosis in two 
of the plants are recorded. 

Observations an* reported on meiosis, fertility, and chromosome 
number in three strains of tetraploid barley. 

Examination of a. number of mutants and varietal hybrids revealed 
a meiotic disturbance ns characteristic of only one mutant. 
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